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FOREWARD

This report primarily describes the weld test work conducted during the
devel opment of welding procedure qualification data, welding techniques
and wel ding procedure specification relative to full penetration, one-
side, out-of-position, manual pulsed gas metal arc butt welding of 5000
series alumnum alloy sheets and plates for marine fabrication.

This project was conducted with the use of basic “off-the-shelf” welding
power sources (less than $5,000], feeders, guns and accessories currently
available to all US. Shipyards.

Qur literature survey indicated that substantial information covering gas
metal arc welding (GVAW of alumnumalloy is available. However, very
little information appeared available on manual one-side, full weld
penetration gas nmetal arc butt welding of 5000 series alumnum alloy
sheets and plates in all welding positions with the use of either pulse

or short-arc wel ding nodes on the pulse arc equipment. The short-circuit
mode has not been applied comonly to alumnum welding since it had origin-
ally been devel oped for steel in CQ gases.

No high speed oscilloscope nor high speed notion pictures were taken to
interpret the physical meaning of GWin the pul se spray transfer or
IN the “pul sed short-circuiting” arc welding nodes. Al testing was
conducted on a one-on-one basis, i.e. the welder vs. attainnment of ful
penetration, one-side, out-of-position manual gas netal arc welding of
marine alumnum alloy sheet and plate.

It is anticipated that some of the results and techniques devel oped m ght
be inplemented as an inproved cost-effective approach to hull, superstruc-
ture, sheet nmetal and piping fabrication. It is also anticipated that
fabricators of surface effect ships, hydrofoils and crew boats may find
applications of some information devel oped.

idi
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| NTRODUCTI ON

Substantial gas metal arc welding (GVAW devel opmental work on al umi num
and al um num all oys has been conducted by the Navy, A um num Manufact ur-
ers, and the Shipbuilding Industry itself. However, very little work

has been conducted to develop out-of-position, full penetration, one-side,
manual gas metal arc butt welding of aluminum alloys with the use of

pul se spray or “pulse short-arc” nodes. This phase of manual gas neta

arc welding of alumnum alloy sheet and plates has not been fully devel oped
nor fully utilized by the shipbuilding industry.

The pul se spray and also the short circuiting arc welding node is a
variation of the gas netal arc welding process. The pulsed arc welding
power source usually provides a dual-level welding current and provides
substantially inproved weld deposition control for out-of-position welding
Both the background and the pul sed peak welding current can be controlled
separately or electronically so that the actual average wel ding current
is precise. In the past, out-of-position GVAWin the spray node could
not be used effectively because the nolten weld puddle was so hot that
the puddl e sagged or rolled because of gravity. Wth the use of the new
pul sed GVAW power sources, however, the use of the background |eve
provides sufficient cooling of the weld puddle to allow out-of-position
wel ding.  Radiographic inspection quality levels were anticipated to be
superior to conventional GVAW welds, i.e. per M L-STD 0900-003-9000

“Radi ographi ¢ Standards For Production and Repair Welds.”



The primary purpose of the project was to determne and establish manual

pul sed gas netal arc welding techniques and al so wel ding machine settings
for the one-sided fusion welding of strain hardened 5000 series marine
alum num al l oy sheets and plates in the 1/16 inch to 1/2 inch thickness
range. The primary objective was to make nmanual butt welds in the horizon-
tal, vertical-up and overhead welding positions and produce full pene-
tration root weld pass deposits with the mniml use of strong backs

and without the use of either metallic or ceramc back-up bars. The

wel ding test piece parts to be welded were gas netal arc GVAW tack wel ded
only and were fiXtured with mnimal restraints

The primary objective of this project was to produce out-of-position, ful
penetration, manual gas netal arc GVA. butt welds from one-side and yet
meet weld quality levels simlar to those attained with the use of gas
tungsten arc welding GTAW It was felt that substantial (30%50% cost
savings could be attained as a result of overall increased productivity
and mninum distortion weldments realized through out-of-position, one-
side, full penetration gas nmetal arc welding.

The advantages of pulsed spray welding were primrily higher deposition
rates when welding out-of-position. The other advantages are as follows:

Rework, repairs, or straightening costs would be mninmzed because ful
penetration welds usually elimnate repairs on |ack-of-fusion type
defects.

Veld quality levels simlar to gas tungsten arc welding can be attained.
Vel d distortion is held to a mninmm because of |ow heat input and

good depth/width ratio weld cross sectional configuration

Less weld repairs will be encountered.

Easier and greater working ranges for out-of-position welding will be
appreci at ed.

However, in spite of the many advantages that the pulse arc process

provi des, many welding people have avoided it because of two major factors;
1] higher cost of the welding machines/system and; 2) the conplexity

in setting the machine up to the proper pulse voltage peak vs. background

vol tage balance in addition to taking care of the other necessary machine
variabl es.



Al'so, in the past many welders and wel ding engineers have shied away

from using the conventional GVAW short-circuiting arc process when wel ding
alum num al l oy sheet/plate materials in the out-of-position nmode. This
was because the droplet transfers were uncontrollable due to inproper

bal ance of slope, inductance, electromagnetic pinch force, pulse amplitude
pul se duration, pulse frequency and voltage feedback control systens.

It is anticipated that the results of this report may encourage al um num
and alumnum alloy fabricators to consider the advantages of nanual pul sed
arc wel ding of alumnum and alum num alloy sheet and plate materials by
utilizing the out-of-position, full penetration, one-side welding technique

For clarity's sake, various discussions, coments and often conclusions
and recomendations follow a specific topic because of the numerous welding
variables involved in this study.



PROCESS DESCRI PTI ON

In order to define pulsed arc welding, it appears necessary to define gas
metal arc wel ding GVAW which is nore commonly known as M G wel ding or
metal inert gas welding.

GAS METAL ARC VELDING _GVAW

The American Wl ding Society (AWS) defines gas metal arc welding GVAW

as follows:
“An arc welding process wherein coal escence is produced by heating
with an arc between a continuous filler netal (consumable) electrode
and the work. Shielding is obtained froman externally supplied gas."

The basic GVAW system usual ly consists of a power source, wire feeder with
controls, welding gun (torch) and shielding gas system and accessori es.
See Figure 1.

The standard (non-pul sedl gas netal arc welding of alumnum alloys in the
spray transfer node is used primarily for welding plate materials (.188
inch thick and greater) and sheet materials (.125 inch thick and greater).
When the conventional spray transfer node is used the welding is usually
done in the flat position. This is because the higher current |evels

make the weld puddle very fluid. In the GVAW spray transfer node the fine
metal droplets are pinched off the wire and and propelled across the arc
gap to the work as illustrated in Figure 2.
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PULSED GAS METAL ARC WELDI NG

Pul sed arc welding is a variation of the gas netal arc welding GVAW
process. Wth pulsed GVAW the wel ding power source(s) provides a dua
| evel welding current and provides substantiaily inproved weld deposi-
tion control especially for out-of-position welding applications. Both
the background and the pul sed peak welding currents can be controlled
separately so that the actual average welding current may be set nore

precisely than with the use of conventional GVAW power sources

In pulsed spray gas metal arc welding the current is varied between a

hi gh (peak) and |ow (background) value. The low level of current is

bel ow the non-pulsing transition current while the high on the peak
current level is well into the spray arc region, i.e. if the upper current
were continuous, it would provide spray transfer and if the [ower current
were continuous it would produce globular transfer. Metal is transferred
to the work during the peak current levels. Figure 3 illustrates the

pul sed GVAW wel ding current cycle pattern. In the spring of 1983, nost

of the "off-the-shelf” pulsed arc power sources manufactured in the United
states appeared to use pulse in either 60 or 120 pul ses per second.
However, one nanufacturer has recently begun manufacturing a pul se GWAw
power source covering an approxinmate range of 50-250 pul ses per second.

When using argon or argon rich mxtures or 75% heliun 25% argon gas shiel d-
ing Wwth the pulsed GVAW process, a spray transfer occurs above the transi-
tion current value for a given electrode and diameter involved. As

the current density at the electrode is increased, the end of the filler
wire (electrode] will forminto a droplet because of the "pinch effect”
Dropl ets of nolten al um num appear much smaller than wire dianeter

and are propelled by the arc force. See Figure 4.
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The three nethods of metal transfer in pulsed gas netal arc welding are
pul sed spray, globular and short-circuiting transfer.

PULSED SPRAY TRANSFER

As discussed earlier in the text, the pulsed arc GVAW process utilizes

a peak and background current |evels producing an average current val ue

The resultant current level is a |ower average current heat |evel than

when a continuous conventional spray transfer node is used. The tip of

the filler wire nelts and the nolten metal drops transfer in a spray during
each current peak pul se when nost of the energy input as utilized for

nelting the base material and the filler wire material. Usually, there is
not sufficient time for globular transfer to occur and nore than adequate
time at tenmperature for spray transfer to melt the el ectrode. Adjustnent
of both the pulse peak and anperage and background is usually available
unl ess these functions are electronically pre-programmed. The arc is

mai ntai ned by the background current. The pulse peak current nust be

set high enough so that the netal droplets are propelled through the

arc at a high velocity for one-side, full penetration, manual pul sed

gas netal arc welding in the out-of-position node.

The droplet size tends to stay the same but the rate of drops transferred
increases with frequency, i.e. from 50-250 pul ses per second (pps).

Most power sources pulse only in 60 or 120 pps. The cooler arc is attained
by using the |ower pulse, i.e. 50 pps or 60 pps depending on the power

sour ce.

Wth the use of the conventional continuous (standard GVAW spray arc,

it was difficult for the average "new hire welders to nmake out-of-position
wel ds.  The work usually had to be positioned for down hand (flat) welding
On the other hand, with the use of the pulse current a |ower heat input
spray arc transfer may be used for welding in the vertical-up, horizontal
and overhead wel ding positions.

The pul sed gas metal arc process permits the use of larger dianeter wires
with the use of push wire feeders. A nuch |ower average current my be

10



used with 3/64 inch diameter wires than is possible for the conventional
GVAW process. Larger dianeter filler wires generally provide better wire
feeding capabilities in addition to better weld deposit quality, i.e

.030 inch dianmeter filler wires have |ower columar strength and requires
a pull gun.

GLOBULAR ARC TRANSFER

When pul sed gas metal arc welding power sources are used, the gl obul ar
arc transfer usually occurs below the pulse peak current corresponding
to the conventional non-pulsing transition current level. This globular

transfer range covers the mninum current density which will melt the
filler wire up to the point where higher peak anperage produces a pul sed
spray transfer.

Wth the use of conventional gas metal arc welding power sources, the
gl obul ar transfer usually is avoided because the arc cone covers a much
| arger area and causes shallowweld penetration, lack of fusion, and
irregular metal deposition and certainly is not suitable for out-of-
position wel di ng.

“ PULSED SHORT- Cl RCUI TI NG_ARC'

As described in the previous paragraphs, the conventional globular arc
transfer does not lend itself to one-side, out-of-position full penetra-
tion manual gas netal arc welding. See Figure 5. The Airco PA-350

power source in the “short-circuiting node” does not appear to be the
same as the conventional short-arc mode. Wen the globules short-circuit
by coming in contact with the puddle and electrode at the same tinme the
arc force is so strong that the molten globules have good arc stability
and provide good full penetration welds with good depth to width ratio.

Unfortunately, no high speed motion pictures at 3,000 frames per second
were taken and also the use of a high speed oscilloscope was not available.

11
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The advantages of the pulse and “pul se short-circuiting” nodes of gas
metal arc welding are as follows:

Permits the welder to make a one-side, full penetration, out-of-
position weld using the manual GVAW process.

Provi des cooler arc and |less distortion.
Mnimzes weld spatter and undercutting.

Permts the out-of-position welding of thin sheet materials, e.g
.063 inch thicknesses of alumnum alloy sheet.

Permts spray transfer welding at average currents below those normally
possi bl e.

Provides inproved arc control for out-of-position welding and nore
effective welding of thin gauge material, with all the advantages
of spray transfer, i.e. mnimzes excessive weld puddle fluidity.

Permts use of larger diameter electrode wires which cost less, feed
easier and also have a |ower surface-to-volume ratio which reduces
the possibility of weld porosity and, in some cases, weld cracking.

Provides precision control of current to assure bead shape and root
penetration approaching GTAW quality.

an



PULSED ARC GVAW POWER SOURCES

Wen this project was originally proposed in the Spring of 1982, only

one production nodel “off-the-shelf type” pul sed GVAW power source appeared
to be available in the United States. This was the Airco PA-3A Since
that point in time, however, Anmerican manufacturers have begun producing
pul sed GVAW power sources, prinarily because of the interest in utilizing
the advantages offered by |ow heat input for joining quench and tenpered
steels such as HY-80/HY-100 for submarine and other marine applications

The original scope of this program stipulated the determ nation of the
“best"” pul sed GVAW power source for wel ding al um num However, during

the course of this programit was determned that the preferred power
source should be left as a choice of individual shipyard Vel ding Engineers
for their particular application. As this program progressed, it became
nore evident that the establishment of the “best" power source would be
extremely subjective and difficult. It would result in the unfair conpar-
ison of dissimlar GVAW power sources, and wire feeder systems, i.e. not
suitable for conparison. Furthermore, many of the equi pment manufactur-
ers are working on their next generation pul se power sources

The wel ding power source designed for pulsed gas netal arc welding is
usual ly a constant voltage type. Pulsed GVAW power sources usually have
added pul se features which significantly inprove arc stability, weld puddle
control, weld arc colum shape, and also provide a wider and controllable
spray arc transfer working range.

The program covered four types of pulsed arc wel ding power sources. These
are as follows:

1. Airco PA-3A

2.Airco PA-350

3. Glliland CV 600 FI-PA

4. Mller Pulstar

14



Each pul sed GVAW power source has its own special nerits and areas of appli-
cations. They all appeared to operate according to the same basic principles
of a GVAW power source. However, substantial variations in welding power
source specifications appear in areas such as process nodes, pulse rates
(pul se per second), pulse source(s), and pul se control method, etc

During the welder famliarization period with the four candidate pulse
arc wel ding power sources, it was surprising to discover that the short-
circuiting arc node needed to be included as another alternative approach
to attain our primary program objective, i.e. full weld penetration from
one-side, out-of-position manual GWNT. As described in the previous
paragraph under Process Description, the “new short arc nmode does not
appear to be the conventional short-circuiting arc transfer with which
nost of us are famliar

The four pul se GVAW power sources are described in the follow ng paragraphs.

1R



Al RCO PA-3A

The Airco PA-3A for pulsed arc welding has two transforner-rectifiers
connected in parallel. A three phase full wave rectifier SCR provides the
background current and controls the arc length. A single phase rectifier
provi des the pulsing current.

The dual power source is used only in the pulse spray node: 60 or 120 pps.

Wien using the Airco PA-3A, the welder is confronted with the follow ng
items |isted bel ow

Power on/off toggle swtch.

DC ammeter (0-500 anperes).

DC vol tmeter (0-100 volts).

Three position voltage toggle switch (peak, average, background).
Pul se rate toggle (120 pps vs. 60 pps].

Pul se peak, pulse width potentionmeter knob.

Background pul se switch extra lowvs. nornal.

EXTRA LOW NORVAL
Toggle Switch # = 8.5A ys. Of + Toggle Switch - Raise ys. Lower
Toggle Stitch #2 = 8.5A vs. Of+
Toggle Switch #3 = 17. QA vs. off

See Figure 6.

The volt-ampere tune, the netal transfer sequence and the schematic for
the Airco PA-3A are shown in Figure 7, 8, and 9 respectively. The Airco
PA-3A wel ding power source, AHF-NP pull feeder, and AH35-C2 gun is shown
in Figure 10.

The following procedures are used to set up and calibrate the Airco PA-3A
pul sed GVA wel di ng nachi nes.

1. Visual check of mechanical and electrical conponents.



2. Hook up primary power and check main contactor for proper operation.

3. Check voltages on transformer secondaries for proper output.

4. Check phasing on transformer secondaries.

5. Calibrate firing circuit printed circuit board for mninmm and maximm
pul sed wi dt h.

6. Check background voltage.

7. Check neter accuracy against oscilloscope.

8. Load test output for maxinumvoltage - anperage.

9. Set up with wire feeder and weld test.

NOTE :

The above check list is reduced to items 2, 6 and 9 only in order for
a user to set-up.



Voltmeter switch
PEAK/AVERAGE/

Volt;neter Ammeter

O

Power switch
ON/OFF

BACKGROUND —__|_

Pulse rate
switch

60/120 PPS \@
Pulse width

9,0

gontrol

/!

Background
selector switch

EXTRA LOW/NORMAL

Resistor switch
+17.0A/OFF

Background
voltage switch
RAISE/LOWER
Resistor switch
+8.5A/0FF

2L

¢ ©

Program level
control

Resistor switch
/  #8.5A/OFF

®‘I\ Duplex  receptacle

\@ LT L @
Remote program (‘\ 115 VOLTS AC-
‘control connector \@

Remote/local ——
control terminal

board

Ry

Positive Nega.tive
welding  Welding
terminal terminal

FIGURE 6

] ‘Circuit breaker
10A
1

Receptacie
115 VOLTS AC

Contactor control
connector

AIRCO MODEL PA-3A PULSED ARC WEI:DING MACHINE

1R



DC VOLTS
o
]
|

N
o
1

]

OL_Ll | | | | ;|

‘50 100 150 200 250 3(l)0 350
DC AMPERES

NOTE: A LOWER RANGE FOR BACKGROUND VOLTAGES IS AVAILABLE
BY A SECONDARY CONNECTION INSIDE THE PA-3A.

FIGURE 7
AIRCO PA-3A: VOLT-AMPERE CURVE

19



pulsé peak
current

AMPERES

T

spray transfer
current range

o

globular :transfer 2-—|
current range 1

\

ba_ékgrouna current

3

transition current

5

TIME

]I"

AMPERES
~
|
]

maximum width
pulse
/‘\ f‘\
/ P /
/ / MLy
e - — —f —
/ / /
!
| ! /
!

minimum pulse available

pulse peak current

transition current

background current

FIGURE 8

AIRGO PA-3A; METAL TRANSFER SEQUENGE

m"N




{ X
< BACKGROUND
RIDAMAL
) O’S.h T O POSITIVE
¢ 24 ° Cia,
LY -4
'K 1%" . £ ‘:J:‘n}’l' | i E B =
LS = - i Y [}
Lo
if1e = | e -1 I
. SR i 1! | L
¢ ' : 1 1 | 1 S s
¢ 1 l
X 4 I I
b [ | | 1 METER Ry
W ¥ T X ! ! ! T. mmwl T
4 0 0y O — -
LB i ¢ 4 | os ! ! | ] ! +—ONEGATIVE -
7 3 (k [ 1 ] PEAR ¢f cu‘l‘
r{f--——="—-="-" Lol u (L] 0—;;;”“ I
[-] T
1 ]
{208V, GO,
Cov{ t .
Lo [ {1 £ : hx : 48 '
230v{ 3
L |
460V - | _:
e e
e 230v{ : |
Lo 3 L 13 k h T - > > o |
(zollw [ 48
T ] '
vor. | ) ! «“
| s H CONNECT 10 PC ROARD CHASSIS. 0
| scny ! YLl 13FLOATING AND — (W75}
l ::\ : v MUST NOT BE GROUNDED .
Ll --J_'*"n =1 |! 3
[N mn:rh I ! | cas
I l . ) (4\]
M | < !
| { = o T ®
3 1 pany | i
i oF SRy | 1 €40,
- L] ) ]
[ l R | r
[l SR2 s'c'n, | €317 -
] Lori g ' msifcren
| cio |
| SRz CONSISTS OF 1
{ SCR1g 2 t
LITY) H
| Coeio '
! ! et
: ¥ ' .,l, ti 4
3
: ey F;?.Fm
|
' [Cer] i A
o vez
m
45 b. $ P
—‘ . -
:,J rc !Oklg }
g L5710

RACt
CONTACTOR

conher FIGURE 9

ATRCO PA-3A

.—WCRAM CONTAROL

=11 WLTM!

OPEAR

Ol
I}
o--UJZ-?

PULSE WIOTH

¥ REMoTE
(OPTIONAL-EXTHAY

Circuit Diagram No. CC-901 313-1A



arpeetdne

/A

FIGURE 10
AIRCO PA-3A PULSE ARC WELDING POWER SQURCE, AHF-NP PULL FEEDER, AH35-C2 GUN




Al RCO PULSE ARC 350
VEELDI NG _SYSTEM

The Airco PA-350 Wlding System consists of a constant voltage solid state
wel ding power source, System 1 wire feeder, Aircomatic GVAW gun and renote
control pendant.

The |ightweight feeder is a dual drive roll unit, double insulated and
totally enclosed for added operator and conponent protection. All wire
feeder control circuitry is housed in the power source environmental
conpart ment .

Standard features include slow run-in start, wire jog switch, built-in
three-roll wre straightener, calibrated adjustable drive roll pressure

and fixed pre- and post-flow tiners. Wre speed is automatically controlled
over a range of 40-800 inches per mnute (i.p.m) with standard hard and
soft wire sizes .035 through |/16 inch

The renote control pendant contains the synergic control potentioneter,
arc length fine adjustment potentioneter, a manual wire feed speed adjust-
*  potentiometer and a manual /automatic node switch.

The wel ding gun included with the systemis a new Aircomatic air-cooled
gun. It is rated at 400 anps. CO,and is of single conduit design wth
heavy duty slip-on nozzle and quick disconnect fitting.

The wel ding nmeters and controls of the Airco PA-350 power source are |isted
as follows:
- DC ammeter CO 500 anperes).
- DC voltmeter CO-50 volts).
Pul se process toggle switch up=C0,)

(down = Argon/C0D,), and (middle= Pulse Node).
Crater toggle switch (up = pul se

(down - Argon/(0)).
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- Push buttons #1 #2 #3 #4
CRATER W RE
FILL DI AVETER MATERI AL GAS
in=onin- .@85° in =SS in = purge
out = off out = .045" out - M out = weld
NOTE :
SS= Stainless Steel
MS = MId Steel

- Crater current potentioneter. (applies only when #1 is pushed in).
Crater current (0-10)
Crater voltage (0-10]
Background (0-10)

- Power on/off swtch.

Inportant features of this welding systemare as foll ows:
“Electronic” wave shaping circuit in the C0,or Argon/CO,node.
Pul sed spray and dip transfer process capabilities.
Single knob synergic control.

Crater fill.

Pre/post flow tiners.

Solid state contactor.

Line voltage conpensation.

Thermal overload protection and indicator |ight.
Environmental |y protected cabinet design.

400 anp. gun (10 ft.).

Renote control pendant.

Vol tmeter and ammeter.

115 VAC auxiliary power with 5 anp. circuit breaker fuse (0.5 kva) and
dual receptacle.

Energy saving circuit.
Wre feeder:
l'i ghtwei ght, totally enclosed.

-wWire sizes: .035 and .045 inch hard standard and 3/64 and 1/16
inch soft, optional 12 and 14 inch spools standard and 8 inch and
60 | bs. chipboard cores optional.

Slow run-in.

Wre job swtch.

Built-in wire straightener.

Wre tip conditioning (stub burn off).
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The Pulse Arc 350 systemis a nulti-purpose unit designed for pulsed spray
transfer/"pul sed short-circuiting arc” welding

Single control knob automatically establishes average current (wire feed
speed) and average arc voltage for an optinmum wel ding condition based on
a given material, tire dianmeter and shielding gas. This system elininates
the need to individually set peak voltage/current, pulse frequency and
background voltage current. The synergic characteristic of this contro
makes these selections automatically. The system consists of a power
source, a totally-enclosed wire feeder, renote control pendant and a

l'i ghtwei ght 400 anp. GVAW gun.

The power source output is controlled by a solid state control and power
transi stors which also conmpensate for |ine power input voltage fluctua-
tions.

This systemallows out-of-position welding with alumnum wires and is
ideally suited for thin gauge material allow ng increased welding rates
without an increase in heat input resulting in subsequent weldnment wax-
page. In addition, excellent “pulse short-circuiting” welding maybe
performed at outputs as low as 40 anperes, i.e. 3/64 inch dianmeter wire.

The standard system conmes equi pped to weld with .035 and .045 inch mld
steel and stainless steel wires. Wth appropriate option, the system can
weld with alumnumin 3/64 inch and 1/16 inch dianeter wires.

The PA-350/ System 1 feeder allows the use of one-to-two 1-2) size larger
di ameter electrodes. For exanple, 3/64 inch dianeter aluminumalloy filler
wires can be used in lieu of .035 inch or .030 inch dianeters when wel ding
a specific base material thickness such as .063 inch material thickness.
This feature alone inproves productivity because the use of larger diane-
ter wire inproves weld quality, offers better wire feeding characteristics
and al so reduces equi pment down tine.

The Airco PA-350 Wl ding System specification covering the power source,
wire feeder, gun and physical data is illustrated in Figure 11. Al so,

a duty cycle chart, volt-anpere curve for pulsed spray arc, volt-anpere
curve for short-circuiting node and block diagram are illustrated in Figures

12, 13, 14, and 15. Al'so, background control settings and sequence of
operations with and wi thout crater fill are shown in Figures 16 and 17.
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PONER SOURCE

PULSE SPRAY PROCESS DI P- TRANSFER  PROCESS

Rated Qut put 350 Anps @36 Volts 280 Anps @ 27.5 Volts
Duty Cycle 60% 60%
Primry |nput 3 Phase 3 Phase
volts 230/ 460, 60 w 230/ 460, 60 Hz
Primary |nput Anperes 50/ 25 40/ 20
KW | nput 18 14. 4
KVA- | nput 20 16
Maxi mum Qpen Circuit Volts 78 78
Auxi i ary Power (KVA) 0.5 @115 VAC 0.5 @115 VAC
WRE FEEDER
Feed Type Push
Wre Sizes:
Har d 0.035 inch (0.889 nm Standard
0.045 inch (1.14 mj) Standard
sof t 3/64 inch (1.19 m)
1/16 inch (1.58 mm
Feed Rate 40 to 800 ipm (1.02 to 20.5 npm
Spool Size 12 and 14 inch standard
8 inch and 60 |b. Chipboard cores optional
GUN
Cool i ng Ar
Gooseneck Angle 45°
Rated 60% Duty Cycle
(DCRP) Anps: (0, 400
Argon 360
Conduit Length 10 feet (3.04 m
PHYSI CAL

Net Weight System

Shi pping Weight System
Hei ght (Power Source)
Wdth (Power Source)
Depth (Power Source)
Heli ght (Wre Feeder)
Wdth (Wre Feeder)
Depth (Wre Feeder)

420 I'bs. (189 kg)
445 | bs. (201 kg)
27-1/4 inches (69 cm
19-1/4 inches (49 cm
39 inches (99 cm
12-1/2 inches (32 cn)
8 inches (20 cm
19 inches (48 cm

DESCRI PTTON

Pul se Arc 350 Power

Sour ce/ Feeder/ Gun/ Renot e Contr ol
230/ 460, 3 phase, 60 Hz

Pendant

FI GQURE 11

AI'RCO PA-350 VEELDING SYSTEM

SPECI FI CATI ON
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Percent other®

ASTMAWS 5.10 S, Fe, o, M, My, a, N 2, T el enents, ab

Classification percent percent percent per cent per cent percent percent percent percent each b total percent

ER 5356 0.25 0.40 010 0.05-0.20 4.5-5.5 0.05-0.20 - 0.10 0.06-0.20 0.05 0.15 Renmi nde
ER 5556 0.25 0.40 0.10 0.50-1.0 4.7-5.5 0.05-0.20 - 0.25 0.05-0.20 0.05 0.15  Renminde
NOTES :

1. Single values shown are maxi mum percentages, except where a mninmmis specified.

2. Analysis shall be nmade for the elements for which specific limts are shown. [f, however, the presence of other
elements is suspected or indicated in the course of routine analysis, further analysis shall be made to detern ne
that these other elenments are not in excess of the lints specified for “other elenents.”

a. Beryllium shall not exceed 0.0008 percent.

b. The alumnum content is the difference between 100.00 percent and the sum of all other netallic elenments present
in amounts of 0.010 percent or nore each, expressed to the second decimal before determning the sum

FI GURE 25
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AIRCO PA 350: BACKGROUND CONTROL SETTINGS




) Scqueonce of Oparction with Crater Fill

1. initizl squeeze of gun trigger activates 2. Second squeezs of gun trigger activates
gas pre-flow, slow run-in, latches gun trig- crater fill program; releasing trigger breaks
ger, then welds at set parameters. are, supplies gas post-flow.

ar ) 1 GT GT
Gun Trigger ONJ s o
ar Current
' Datection l Gun Trigger :
*1 Pretiow Time *2 Post-ticw Time
0.8 seconas Q.8 soconcs
-
Weiding Voitage 1
{incL puise outduy High Vottage Actust
3
St Waeiding Yoitage 1 Crater
1 Voltsge
-
Wire Feed Actual
e Weiding Speed Cra
Siow Down 19
1 T sovea ! l Weidlng Soeed
Saleid Gas Pre-ticw . Post-tlow

*1: 0.8 s0cOnCs when pra~icw 8 “ON." 2nd G 5econcs when pre-liow 13 “OFF™ st Calivery.
©Z 2.4 30CONTS WHEN wire matenal issetto sieel.”

Sequence of Operation withouat Crater Fill
1. Squeezing gun trigger activates gas pre- 2. Releasing trigger breaks are, supplies

flow, slow run-in, then welds at set gas post-flow.
parameters.
GT GT
Gun Trgger <°",¥ - —ioFF
Cument | '
Detection s
* 2 Past-liow Time
*1 Pre-licw Ti
os xm R Q.8 seconas
Waeiding Vottage 4
(inct. puise outputd Migh Voitsge
Stant Actual Wedding Vottage
Wire Foed . Actual Wescing Sosed
Siow Down .
- SM A4
Shisws Gas Pre-licw Post-flow

*1: 1 second when pre-tiow 13 “ON.” and G seconcs waen pre-tiow i3 “OFF™ 3t cekvery,
*Z 2.4 seconds when wire matensi seiector 13 oot 10 stoeL”

FIGURE 17
AIRCO PA 350: SEQUENCE OF OPERATION WITH/WITHOUT CRATER FILL




Vel der acceptance of the Airco PA-350 pronpted the follow ng coments

- Substantial reduction in spatter
- Excellent wel d cleaning action

Pul sed frequency that is optinmum for the welding current is automatically

programmed, e.g. at 150 anperes approxi mately 150 pul ses per second
(PPS).

The “pul sed short-circuit” frequency does not vary in extrene, i.e
consi stent small droplet arc transfers.

- The “pul sed short-circuiting” arc has consistent short-arc |engths
2-3 times wire diameters

- The welding arc is stable because a closed |oop el ectronic feed-back
system apparently is constantly nonitoring the welding current/voltage
and controlling it consistently and reliably to enable small nolten
droplets to transfer fromthe wire tip to the weld puddle.

- The Binzel torch is a wire push type gun. It is light and air cooled
and elinmnates operator fatigue when conpared with the nuch heavi er
Airco water cooled AH 35-C2 pul |l gun.

A sinple integrated single dial sets the welding condition requested

A remote pendant controls and adjusts the pul se frequency, pulse wdth,
background vol tage and peakvol tage automatically. Heat input is

regul ated by the current-control potentioneter on the renote pendant.

- The stable pul sed spray arc and the “pul sed short-circuiting” arc node
offers out-of-position, one-side, full penetration welds from .063
inch through .125 inch thicknesses in 5000 series alumnum alloys

* *

* * * * *
The original plan was to use the Airco PA-3A power source to generate our
benchmark (base line) information relative to welding techniques and
test data. However, during the course of this project, the Airco PA-3A
mal functioned and while this unit was being repaired we discovered the
unusual "pul sed short-circuiting "nmode on the Airco PA-350. At this
point in time, the Airco PA-350 power source, System 1l wire feeder, and
Aircomatic 400 anpere torch was substituted to determne and establish
the basic objectives of this project.



GiLLILAND cv 600 FI - PA

TheG Il liland CV 600FI-PA is a600anpere constant voltage DC gas netal
arc wel ding power source which can provide pulse in 60 and 120 pul ses per
second. It also functions in the standard GVAW node without pul se and
short-circuiting nodes. Glliland appears to have taken their basic CV
600 power source and added the capabilities for pul se.

There is a two position toggle switch for either 120 or 60 pul ses per

second and also a simlar switch for pulse or standard constant voltage

node. A third toggle switch is a “stabilizer" on/off switch which apparently
provi des proper induction and arc stability. Also, there is a fourth
“energizer" on/off toggle switch. A “test” push button provides open

circuit voltage readings.

The use of electronically controlled SCRS is the method applied for
control of pulse rates.

A single pulse voltage knob ranging from0.10 scale is a sinple way to set

pul se voltage higher or lower. The other 0-10 scale knob controls standard
voltage ranges. This power source is extremely easy to set-up for welding

in the pul se node.

The Glliland CV 600 Fl-PA pulse arc GVAW wel di ng power source and the
portable 8 inch spool wire feeder are illustrated in Figure 18
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M LLBR PULSTAR 450

The MIler Pulstar is a 450 anpere constant potential DC gas netal arc

wel ding power source which can provide pulsed as well as the standard and
short-circuiting arc nodes. Mller Electric Minufacturing Conpany has
taken their basic Deltaweld 450 and redesigned it to a star connection and
added the capabilities for pulsed as well as short-circuiting and spray
gas nmetal arc processes.

A three position welding nmode selector switch can be set for standard
operation spray or short-circuiting process and also 60 and 120 pul ses

per second of pulsed current. In the pulse node, background voltage and
peak anperage can be controlled at the power source or renotely via pendant
control .

The features of the MIler Pulstar 450 are as foll ows:

Three position mode switch for standard operation (no pulsing), and
60 and 120 pul ses per second of pul sed current.

Arc sustainer.

Vel d anmmeter swithh, selects average or peak reading.
Background vol tage control.

Peak anperage control.

Solid state contactor.

Line voltage compensation ( + 10%).

Low vol tage on/off push button.

Power failure reset.

115 volt dupl ex receptacle.

Volt and ameters.

Standard/renote contactor control switch.
Standard/renote output control switch.
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The MIler Pulstar 450 power source specification and physical information
are shown in Figure 19. The volt anpere curve and the duty cycle chart
are shown in Figures 20 and 21

On the MIler Pulstar 450 field test power source unit, the following
itens are visible:

Renote contactor control

115 volts AC receptacles (3).

DC vol tmeter (0-100 volts).

DC ammeter (0-600 anperes).

Switch to set for 120 pps, 60 pps and standard (no pul se).
Power on/off buttons.

Renote output control (remote vs. standard).

Remote contactor control renote vs. standard).

Peak anperage adjustment potentiometer (200-550 anperes).
Background vol tage adjustment (mnimm38 volts).

PULSE GVAW  PONER SOURCES: ATTRI BUTES

A chart covering the basic attributes of each of these four pulse GVAW
power sources discussed previously is illustrated in Figure 22. Also,
the pul se GVAW power sources and feeders used in this project are shown
in Figure 23
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input At Rated

Rated Load Qutput
\geldm? oMa’" 60 Hz. Three-Phase
urren pen- .
Amperes Voltage | Circuit Amperes At Overall Weight
Model |100% Duty Cycle | Range | Voltage |200V | 230V | 460V | 575V] kva | kw Dimensions Net Ship
Height - 27-1/2 in.
(699 mm)*
450 450 @ Width - 22-1/4in. | 447 Ibs. | 472 lbs.
Ampere 38 Volts 14-38 | 80 )81 | 70 | 35 | 28 | 28 23 1565 mm) (208 kgs.) | (214 kgs.)
Depth - 35-3/4 in.
(308 mm)
*Add 2-3/4 in. {70 mm) for lifting eye.
FIGURE 19

MILLER PULSTAR 450 WELDING POWER SOURCE

SPECTFICATION
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MANUFACTURER AIRCO AIRCO MILLER GILLYLAND -—
MODEL_NO, PA-3A PULSE ARC_350 PULSTAR CV6OD FI-PA
MODE PULSE MODE Pulse Mode  Dip/Spray Mode PULSE & STANDARD MODE PULSE-STD, ~DIP/SPRAY.
Rated Current 300 350 280 450 600
Rated Volts 30 36 275 38 40
Duty Cycle 100X 602 60% 100% 100%
Maximum OCV 76 _(peak) 50 (background) 78 18 80 78 _
Pulse Rate (pps) 60/120 50-250 pps __ Pre-progr d 60/120 60/120 _
Electronically Electronically Electronically -
Controlled Controlled Contralled _
Type Rectifier/SCR Rectifiex/Transistor SCR SCR=SCR
Control Method Dual Power Source (pulse source Transistor Switching Regulator Electronically Controlled Electronically Controlled
is electronically controlled SCR's SCR'g
Single Knob Control N/A Standaxd N/A Optional
Processes Pulse/Spray Pulse/Dip-Transfer/Spray Spray/Dip-Transfer/Pulse Pulse/Dip~Transfer/Spray
Ammeter Standard (avg.) Standard (Avg.) Standard (avg./Peak Switch) Standard (Ave.)
Voltmeter Standard (Peak/Avg/Backgr'd Sw.) Standard (Avg.) Standard (avg.) Standard (Avg,)
Pulse Width Control (Peak Volt.) Standaxd Electronically Programmed Peak Current Adj. Electronically Controlled
Remote Control Optional Standard w/voltage trim Optional Standard
and integrated single knob control
Energy Saving Circuit N/A Standard N/A Optional
Arc_Sustainer X-Low Mode N/A Standard Standard plus Stahil{izer
Background Volt Range 20 to 47 Electronically Programmed 14 to 38 12 to 38
Peak Volts Range 20-80 Electronically Pxogrammed Maximum OCV-80 Electronfcally Programmed
Wire Feed (Current) Control N/A Electronically Programmed N/A Electronically Coptrolled
Fault Light N/A Standard N/A Optional
Material Switch N/A Stainless Steel/Mild Steel N/A Optional
Wire Size Switch N/A 0.035/0.045 N/A Optional
Line Volt Compensation Standard Standaxd Standard Standard
115 Yolt Duplex Standard (1 KVA) Standaxd (.5 KVA) Standard (1 KVA) Standard (1 gya)
Solid State Contactor N/A Standard Standard Standard
Gas Solenoid N/A Standaxd (w/purge/weld switch) N/A Standard (w/Pre/Post Timing)

REVISID OATE

GMAW PULSE ARC POWER SOURCE:
ATTRIBUTE CHART
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FIGURE 22
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5000 SERIES ALUM NUM ALLOY SHEET & PLATE

The 5000 series alumnumalloy is a non-heat treatable alloy. The major
alloying elenent is magnesium (5% maxinunm). The addition of magnesium
provides strength. Further strength is gained by cold working. Cold
working or strain hardening is attained by stretching, rolling or draw ng
sheets or plates through dies, or other simlar operation.

The 5000 series alumnum alloy sheet and plate tenper and material thick-
nesses investigated in this program were as foll ows:

MATERI AL ALUM NUM ALLOY
THI CKNESS & TEMPER
. 063 inch 5086 H-32
.100 inch 5086 H-32

. 125 inch 5083 H-323

. 250 inch 5086 H- 116
.250 inch 5456 H 116

. 250 inch 5083 H-321
.500 inch 5086 H- 116
.500 inch 5456 H 116
.500 inch 5083 H-321

In the four digit system for aluminum and al unminum alloy, grouping
indicates the alloy group. This is as follows:
DESI GNATI ON_FOR ALLOY GROUPS

METAL ALUM NUM ASSOCI ATI ON NUVRER
ALUM NUM [ xxx

99% M N.

AND GREATER

MAJOR ALLOYI NG _ELEMENTS

COPPER 2 XXX
MANGANESE 3 XXX
SI LI CON 4 XXX
MAG\ESI UM 5 XXX

MAGNESI UM AND SILICON 6 XXX
ZI NC 7 XXX

n2



ALUM NUM_ASSOCI ATI ON_TEMPER DESI GNATI ON_SYSTEM

-0 Anneal ed; Applies to softest tenper (Wought products).
-H Strain Hardened, Strength increased by strain hardening
(Wought products).

The -His always followed by two or nore digits. The first digit indicates
the specific combination of basic operation as follows:

-H Strain hardened only. The nunber follow ng this designation
indicates the degree of strain hardening.

~H2 Strain hardened and then partially anneal ed.

-H3 Strain hardened and then stabilized.

The second digit follow ng the designation -H, -H2, and -H3 indicates
the final degree of strain hardening. Tenpers between -0 (anneal ed)
and 8 (full hard) are designated by nunerals 1 through 7, e.g. -H12 =
1/4 hard, -H36 = 3/4 hard, -H38 = full hard.

The third digit indicates a variation of a two-digit H tenper, i.e.
amount of strain applied. It is used when the degree of tenper control
or the nechanical properties are different. -H323, for exanple, applies
to al um num magnesium all oys (5000 series) specially designed for accep-
table resistance to stress corrosion cracking.

The 5000 series alumnum alloy sheet and plate materials have experienced

wide usage in nmarine fabrication. This series is the nost widely used
in marine service

AN



5083 ALUMINUM ALLOY
This alloy is a strong weldable alloy used primarily in armor and cry-
ogenic applications. There are no restrictions for use in marine environ-

ment but it is not recommended to be used for applications involving tenper-
atures above 150F.

5086 ALUM NUM ALLOY
This wel dable alloy is generally used in hull and superstructure and neets
general marine fabrication requirements. There are no restrictions for

use in marine environnent but it is not recommended for use in applications
over 150F. 5086 H 116 alum num alloys are used in hull fabrication.

5456 ALUM NUM ALLOY

This wel dable alloy offers the highest strength and is used primrily
for hulls, superstructures and special purpose vehicles where high
strength-to-weight ratio is desired, e.g. air cushion vehicles and hydro-
foils. The 5456 H 116 alumnum alloy is used for hull applications.

This alloy is not recomrended for use in application over 150F but other-

Wi se there are no restrictions for use in marine envi ronment.

Typi cal mechanical properties data for 5000 series alumnum alloy sheet
and plate per U S. Federal Specifications vs. The Al um num Association
are conpared in Figure 24.
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N ULTIHATE TENSILE Y ELONGATIO
SHEET & PLATE | ALUMINUM MELTING TENSILE STRENGIH psi Igl:lz)zsggggggﬂ (IN 2% RCATION gi;gggls's
MATERIAL ALLOY RANGE F ALUMIRUM 0Q0-A-250 ALUMINUM 00Q-A-250 ALUMINIM 500 Kg 1.OAD
SPECIFICATION | DESIGNATION | TEMPER | THICKNESS | (APPROXIMATE) | sssocIATION | MIN | MAX ASSOCIATION] MIN | MAX ASSOCIATION | QQ-A-250 | 10 mm BALL
QQ-A-250/6 5083 0 1/8" 1070-1185 42000 40000 | 51000 21000 18000 | 29000 22 | 16 67
5083 H-321 | 1/4";172¢ 46000 44000 | ~=mmm 33000  |-emmeef —mmmee 16 —— 82
5083 H-323 [ 1/8% 47000 45000 | 54000 36000 34000 | 44000 10 8 84
QQ-A-250/19 | 5086 0 1085-1185 38000 35000 | 42000 17000 14000 | ~~——- 22-30 16 60
QQ~-A-250/17 5086 H-32  |.063"/0,10" 42000 40000 | 47000 30000 28000 | ~~-—- 12-16 8 72
QQ-A-250/19 | 5086 H-116 | 1/4"31/2" 42000 40000 | - 30000 28000 | ==~nn 12-16 10 72
QQ-A-250/20 | 5456 0 1055-1180 45000 42000 | 53000 23000 19000 | —---- 24 16 70
QQ-4-250/20 | 5456 H-116 | 1/4";1/2¢ 51000 460001 ———e 37000 33000 ~—n 16 10 20
Cale. AEVISED | oATE TYPICAL BASE METAL PROPERTIES OF
Ul 5000 SERIES ALUMINUM ALLOYS
o THE ALUMINUM ASSOCIATION va. FED.-SPEC.| FIGURE 24
la TODD PACIFIC SHIPY ORPORATIO
A5 SEATTLE szvgsgg}e ARD CORPORATION DATA SHEET




ALUM NUM ALLOY FILLER W RES

In general, for welding 5000 series alumnum alloy sheet and plate, the
Plans (Drawings) wll, unless otherwise specified, permt the fabricator
to use interchangeably ER 5183, 5356 or 5556 per ASTM AWS 5.10, “Specifi-
cation For Alum num and Al umnum Alloy Bare Welding Rods and Electrodes.”
The prefix ER is used by AWS to denote “El ectrode/Rod” to cover both the
gas netal arc welding GMMW or the gas tungsten arc wel ding GIAW process

For this project, only the ASTM AWS ER 5356 and 5556 al um num alloy bare
wires in 12 inch dianeter spools (10-12 [Dbs.) were used, i.e. ER 5183
filler wires were not available Wthout schedule inpact. ASTM AWS 5. 10
requirements covering chemcal conposition for ER 5356 and 5556 are shown
in Figure 25

Burn off characteristics of 5356 alumnumalloy filler wires are illustrat-
ed in Figure 26

The weld is a conmposite or alloy of the filler material and the base
material. This conmposite largely determnes the mechanical properties
of the weld. Al'so, the gas netal arc process does |eave an anneal ed
condition weld area. Weld joint configuration, weld filler wire types
and wel ding techniques are other variables that nust be considered

H gh. magnesium gas netal arc filler wires such as ER 5183, 5356 and 5556
general |y produce strong ductile welds.

Usual Iy the “as welded" tensile strengths of the 5000 series alum num
magnesi um al l oy welds are equal to the strength of the anneal ed base
material. The only way to strengthen “as wel ded” tensile strength in
5000 series alumnumis to cold work, e.g. roll-planishing, which is not
practical in a shipyard setting.

Al'l alumnumalloy filler materials when opened were kept in a dry warm
storage box. This is illustrated in Figure 27. Only Alcoa "Al m gwel d"
alumnumalloy filler wires were utilized.
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VELD JO NT_DESI GNS

Square butt weld joint designs wereused on the .063, .10, and .125 inch
thick 5000 series alumnumalloy sheet test piece parts. See Figure 28
for square butt weld joint design.

The .250 inch and the .500 inch thick alumnum alloy plates were machined
with "J” type weld joint designs. Initially, the dimensioning of the

root face was .075 inch and .100 inch for the .250 and .500 inch material
thicknesses as illustrated in Figure 29. The final or preferred joint
design was based primarily on the consistency and reliability towards
attaining out-of-position, one-side, full penetration welds. See Figure
30, which illustrates the “J” joint configuration used on 1/2 inch materia
t hi cknesses. The 1/16 inch width of flat dinension between the centerline
of the weld joint and the tangent point of the .125 inch radius was shorten-
ed as required to provide acceptable weld bead reinforcements. This is
illustrated on the individual Wl ding Procedure Qualification Test Summary
pages further in the text.

A high speed end m || cutter head was used on a Bridgeport Series 1 type
mll to machine the "J" type joints on the |ongitudinal side (12" length)
of the 8 inch x 12 inch test piece parts. See Figure 31.
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SH ELDI NG_GASES

The choice of weld shielding gas or conbinations thereof for manual

pul sed gas netal arc welding were argon, helium argon/helium orargon
oxygen m xtures. The gas selection chart for these gases is illustrated
in Figure 32.

SH ELDING GAS
ARGON

BASE GVAW HELI UM ARGON
METAL MODE ARGON HELI UM M XTURES OXYGEN
ALUM NUM SHORT- ClI RCUI TI NG X X X

ARC MODE OF METAL (75% HELIUM

TRANSFER 257 ARGON)
ALUM NUM PULSES SPRAY ARC X X X (OXYGEN)

MODE OF METAL 0.1%~1.0%

TRANSFER

FI GURE 32

GAS METAL ARC SH ELDI NG GAS
SELECTI ON CHART

BRR



ARGON SHI ELDI NG_GAS

Argon is a colorless, odorless, inert gas conprised of heavy single atons
having a nolecul ar weight of 39.948. It will not conmbine with any other
element to form nol ecul ar or conpounds. Argon gas is heavier than air.
The density of argon is 0.111 Ibs./ft.®. Argon is a nonatonmic inert gas
with ow voltage gradient and its chief characteristic is that it sustains
a stable welding arc. Argon is a poor heat conductor and produces an
extremely high current concentrated welding arc core resulting in a

wel d penetration pattern which is deep in the center and shallow around
the edges of the weld nugget.

Argon is used generally for welding alumnumin the flat welding position.

HELI UM SHI ELDI NG_GAS

Hel iumis also a monatom c col orl ess, odorless inert gas. The nol ecul ar
weight of heliumis 4.0026. Heliumgas is lighter than air or argon,

i.e. nolecular weight of air is 28.96. Heliumis 1/10 the weight of argon
Helium is characterized by a high voltage gradient and offers nore wattage
in the welding arc when conmpared with argon. Heliumis a high heat conduc-
tivity gas, and when used with welding results in a broad even penetration
wel d cross section. See Figure 33 illustrating the effects of argon and

al so helium gas shielding on weld nugget penetration and shape.

ARGON HELI UM _COVBI NATI ONS

The 75% hel i um 25% argon shielding gas mxtures provide the advantages
of both gases: a broad, even and deeper weld nugget cross section.
Figure 34 illustrates the weld penetration geonentry when 75% hel i um 25%
argon shielding gas is used for manual gas netal arc welding. Helium
argon gas mxtures when used with gas metal arc welding take advantage
of the favorable characteristics of both gases, e.g. high heat input,
deep penetration, |ow spatter, stability, good radiographic weld quality,
good weld bead width/depth ratio. Argon/helium mxtures are wdely used
for out-of-position radiograph quality welds. Helium rich mxtures help
achieve significant benefits fromthe helium The type of gas(es) to

be used for shielding should be based on which gas or gas combinations
provide the greatest overall advantages for a specific application.
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HELIUM-ARGON MIXTURE
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The shielding gas used for this project was primarily limted to 75% heliun
25% argon conbinations. Argon gas was per M L-A-18455 and helium gas was
per Federal Specification BB-H 1168, Gade A

The basic reason for the choice of 75% heliunf25% argon conbination shiel di ng
gas was because past experience had indicated that acceptable radiograph
testing quality levels could be more readily obtained for all-position

manual gas nmetal arc welding of 5000 series alum num alloys. However, on
.500 inch thick alumnum alloy material 100% helium shielding gas was
utilized to make excellent welds. Wth the increased material thicknesses,
it was felt that better sidewall fusion could be attained in the full
penetration root passes as well as in the nultiple fill passes.

In general, the 75% heliunf25% argon shielding gas mxture, as well as
the straight helium gases, were preferred because good width/depth ratio
could be attained in the weld cross sections. This type of weld cross
section with alnost parallel side wall also offered less distortion, i.e.

nore bal anced heat input.
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MATERI AL PREPARATI ON

A cutting diagram was devel oped for 5000 series alumnum alloy sheet and
plate materials ranging from 1/16 inch, .100 inch, .125 inch, .250 inch
and .500 inch thicknesses and were all sheared into 8 inch x 12 inch
piece parts to be butt welded on the 12 inch side to make 12 inch x 16
inch butt welded test panels. Al the shearing of the test piece parts
(8inch x 12inch) were done in either the Wsong and Mles Co., Model

No. 1010 or the Cincinnati Inc., hydraulic shears. The rolling direction
(“grain”) was transverse to the weld joint centerline. A typical cutting
diagramis illustrated in Figure 35

Al alumnum alloy sheet material up to and including .125 inch thicknesses
were draw filed with a bastard vixen type file so that all sharp edges,
shear marks, and lam nation that could cause deleterious effects in the
wel d were conpletely removed. Mechanical sanding, chipping, machining
routing are other alternative methods used for weld joint preparation

See Figure 36.

Met hyl - et hyl - ketone (MEK] was applied with a clean rag around the weld
joint areas and surface to ensure that it was free of grease, oil

noi sture, paint, shop soil, or other harnful matter. It should be pointed
out that MEK may not be approved for use in confined, closed areas,

i.e. alternate approved solvents should be used in production applications
such as Dow Chem cal Chlorothene VG Decreasing with an approved sol vent
prior to and after mechanical cleaning appeared best.
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TYPICAL CUTTING DIAGRAM FOR 5000 SERIES ALUMINUM
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Cleaning the test plate weld joint area with a portable disk grinder was
done preferably with an open-coat disk of 80grit alum num oxide. This
sanding disk renmoves heavy oxide filmreadily where stainless steel wre
brushi ng appeared ineffective. See Figure 37.

| medi ately prior to welding, the weld joint and areas adjacent to the weld
joint were wire brushed with a clean stainless steel wire brush. This

was done either with a hand held brush or power driven rotary brush.
Stainless steel wire brush bristles were approximtely .010 - .015 inch

di ameters. See Figure 38.

Whenever overnight delays in between assenbling test piece parts and wel ding
occurred, the weld test assenbly was covered and wapped with clean

Kraft wapping paper to keep off shop soil and dust. Care was taken to
precl ude the adhesive from adheing to the weld joint areas and causing
subsequent weld contam nation, i.e. no eight hour time linits were

necessary.



FIGURE 37
MECHANICAL CLEANING QF TEST PIECE PARTS WITH USE OF PQRTARLE DISK SANDER.
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POWER BRUSHING WITH CLEAN STAINLESS STEEL

AR



VELD JONT FIT-UP

Veld joint fit-up preferably should be metal to netal, i.e. zero gap.
The maximum butt joint gap allowed anywhere over the length of the weld
joint should be as fol | ows:

MATERI AL THI CKNESS( T) MAXI MUM Jo NT ROOT OPENI NG ( GAP)
up to .125 inch 14T
.125 inch and thickner .030 inch

Veld joint fit-up requirenents per NAVSEA 0900-000-1000/0001, “Fabrica-
tion, Welding and Inspection of Ships’ Hulls,” are as follows:
MATERI AL THI CKNESS
less than .375 inch 1/16
.375 inch and thicker 1/8

Qoviously, these requirenents were witten for stick electrode welding
and are inadequate and not in consideration of the newer welding pro-
cesses or thinner sheet materials.

Al test piece parts were manual GVAW tack wel ded together with weld
start and weld stop tabs. Al the butt welds were made on the side
opposite the tack welds, i.e. both butt and “J” groove weld joints
See Figure 39.
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SET-UP FOR PULSE GMAW TACK WELDING




VELDI NG_TESTS

This section describes the various welding tests conducted to generate

wel ding procedure specification qualification data per NAVSH PS 0900- 000-
1000/ 1, “Fabrication, Welding and Inspection O Ship Hulls,” and M L-
STD-00248 (SHirs), “\elding Procedure and Performance Qualification,’

for the out-of-position, one-side, full penetration nmanual pulsed gas netal
arc welding of 5000 series alumnum alloy sheet and plate for marine
fabrication

The welding variables involved in this investigation covered the follow
i ng:
1. 5000 series alumnum alloy base material type & tenper,
5083 H 321
5083 H 323
5086 H 116
5456 H 116

2. 5000 series alumnum alloy sheet and plate thicknesses,
.060 inch
.100 inch
.125 inch
.250 inch
.500 inch

3. Filler wire alloy and dianeters,
5356 alumnum alloy wres
5556 alum num alloy wires

.030 inch dianeter
.035 inch dianeter
3/64 inch diameter
1/16 inch dianeter

4, Shielding gas & conbinations
75% hel i un 25% ar gon
100% ar gon



5 Welding positions:
vertical -up
over head
hori zont a
flat

6. Vel di ng power sources:
Airco PA-3A
Airco PA-350
MIler Pulstar 450
Glliland CV 600 FI-PA

1. Wre feeders:
Airco AHF-NP
Airco System 1
M& K
Glliland MIG000

8.  \elding gun (torches):
Aircol/ Binze
Airco AH 35 G2
M & K Cobramatic
Glliland MIG 4001

Each of the pulse arc welding power sources, wire feeders, guns and accessor-
ies listed above were checked out during an equi pnent famliarization

period. Scrap alum num sheet and plate materials were used to make bead

on plate type welds to establish basic welding machine settings for full
penetration butt welds. As confidence |evels increased, acceptable butt

wel d machine settings were established.

The wel ding test material flow diagram covering the range from “as procured”
full. size sheet/plates to destructive testing is illustrated bel ow

1. I nspection and |ay-out of cutting/shearing diagram for each full size
5000 series alumnum alloy sheet/plate.

2. Cutting/shearing full size sheet/plate into weld test piece parts
approximately 8 inches x 12 inches for .063 inch, .100 inch, .125 inch,



10.

11.

12.

13.

.250 inch and .500 inch thicknesses. Identify each piece part.

Machine square all 12 inch lengths preparatory for
a) square butt joint (.063 inch - .125 inch)
h) “J” groove joint (.250 inch - .500 inch)

Clean all weld edges and joint areas by degreasing wth approved
sol vent

Mechanically clean by filing, scraping, mlling or wre brushing
with clean stainless steel rotary brush or hand brush all weld joint
areas.

Manual GVAW tack weld each 8 inch x 12 inch alum num all oy
piece parts together with weld start/stop tabs to forma 16 inchx
12 inch weld test panel

Manual pul se GVAW in vertical-up, horizontal or overhead wel ding
position as required.

Non- destructive inspection of weld test panels: visual, penrtrant
and radi ographic. Reject or accept test panels. If rejected, cut
out weld and recycle to step 3. If accepted, follow step 9.

MII off weld surface and weld underbead from test panels.

Lay out and band saw test panels into rough oversize dinensions for
transverse tensiles (2) and bend specinmens (4). Steel stanp identi-
fication code.

M| piece parts (rough dinmensions) into final dinensions for trans-
verse tensile (2), root bend (2), and face bend test specinens

(2). (See section on Mechanical Properties in this report).

Conduct nechani cal properties tests. Record data

Eval uate, analyze and summarize weld test results as weld procedure
specification qualification support data



For clarity’s sake, the reporting together with comrents, results, and
reconmendations are covered with each specific test grouping. Each grouping
includes the particular 5000 series alumnum alloy and tenper, filler wre
diameter and type, type of pulsed welding power source, type of wire feeder,
gun and accessories utilized.
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5086 H 32 ALUM NUM ALLOY SHEET; .063 & .100 INCH THI CKNESSES
Al RCO PA- 3A/ AHF- NP WRE FEEDER/ AH 35-C2 GUN,
ER 5356 ALUM NUM ALLOY FILLER WRE

As stated previously in the text, prelimnary welding tests were initiated
with use of the Airco PA-3A welding power source, AHF-NP wire feeder and

AH 35-C2 manual GVMAW gun. Wth the use of .035 inch diameter 5356 al um num
alloy filler wire it was not possible to get radiographically acceptable
welds in the overhead welding position, i.e. Cass 1 per NAVSH PS 0900-
003-9000, *“Radiographic Standards for Production and Repair Welds."

On .10 inch thick 5086 H 32 alumnum alloy sheet using .G85 inch dianeter
5356 aluminum alloy filler material the vertical and horizontal specinmens
wel ded in the pulse spray node using Airco PA-3A power supply, AHF-NP
feeder and G2 gun were not acceptable per radiographic testing. Using

the PA-3A power supply in the pulse spray nmode, it appears that overhead
welding is difficult.

Acceptable Vel d reinforcements on the second side was not achieyed with
use of the Airco PA-3A, 120 pul ses per second, spray arc type transfer
mode. The overhead wel d reinforcement shape in .10 inch material thickness
was not acceptable because of an incipient nelting condition adjacent to
the edges. This caused a discrepancy appearing sinmilar to that of an
undercut with the weld deposit being thinner than the base material thick-

ness. Gravity appeared to disrupt the surface tension of the weld puddle
causing the nolten puddle to drop.

In the overhead position, nmeeting NAVSH PS 0900- 003-9000, C assl type
procedure qualifications requirenments for radiographic acceptance was
difficult. However, there appears to be no problem meeting Cass 3,
production wel ding acceptance standards. Acceptable radiographic produc-
tion quality level welds could be attained on a consistent and reliable
basi s.



Because of the difficulty in neeting the radiographic requirenments for
Class 1, permssible length of slag (inclusions) in inches per the require-
ments of NAVSH PS 0900-003-9000, a nore realistic acceptance criteria for
thinner sheet and plate in the 5000 series alumnum alloys appears necess-
ary.

It was concluded that NAYSH PS 0900-003-9000 is lacking in a clear acceptance
definition for material thicknesses below 1/2 (one-half) inch for Cass

1 and below 1/4 (one-fourth) inch thicknesses for Cass 3, slag (inclusions)
radi ographic. The curves for both charts have been extrapolated to the

left as accurately as feasible in an attenpt to show better details in

the areas for material thickness less than 1/2 inch for Cass 1 and also

1/4 inch for ass 3. Figures 40 and 41 illustrate the curves extended

to the left to cover acceptance limts for thinner materials.

Further conparisons on acceptance standards for slag or inclusions of the
American Bureau of Shipping (ABS) and NAVSH PS 0900-003-9000 were drawn.
The curves for the accumulated slag or inclusion appears identical for
both. standards. However, the ABS curve for a single inclusion differs
somewhat and appears nore |iberal above 3/4 inch thick plate. See Figure
42.

Considerable difference is illustrated in Figure 43 which conpares the
ultrasonic acceptance criteria for NAVSH PS 0900-006-3010, Class 3 and

ABS Class B. The maximum length of indications with signals exceeding

The ARL (Anplitude Reject Level) is identical for both systems. The
NAVSH PS acceptance is nore liberal above 1.75 inches for single indications
and above 1.87 inches for accumul ated indications.

M L-T-5021, "Tests; Aircraft and Mssile QOperators Qualification, "stipu-

lates that for materials less than 3/16 inch thick, the maxi mum all owabl e
defect size is 1/3 the material thickness or .060 inch whichever is |ess.
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The Weld Quality Requirements reads as follows:
4.4 \\eld quality requirenents.
4.4.1 Weld soundness. Welds shall be free of cracks, inconplete

fusion or penetration, overlap, undercut, surface voids and over-
| apping folds. Porosity shall not exceed the following limtations
a. Single porosity. The maxinum extent of single cavities

shall not exceed 1/3 of the thickness of the thinner material
("t") of the joint or .060 inch, whichever is the lesser. Inter-
connected porosity shall be considered as a single cavity.

b. Scattered porosity. The sumof the areas in any plane of
all the cavities contained in any one inch length of weld nust
not exceed 5 percent of an area in square inches equal to one tines
the thickness of the parent netal, or when unequal thicknesses
are welded the thickness of the thinner material

c. Linear porosity. The sum of the areas of the radiographic

I mges, of three or more porosity cavities in alignment shall

not exceed 2.5 percent of an area equal to one tines the thickness

of the thinner material welded. The maxinum extent of |inear porosity
shal | not exceed 1/3 the parent material thickness or .060

inch (whichever is less) and the width shall not exceed 10

percent of parent material thickness at any point.

4.4.1.1 Inclusions, either tungsten or nonmetallic, shal
be subject to the same dinensional limtations defined for scatter-
ed or linear porosity. \Were both inclusions and porosity are
present, the total of their conbined Iengths shall be wthin
the limtations for porosity.



5086 H 32 ALUM NUM ALLOY SHEET: .100 | NCH THI CKNESS;
ER 5356 ALUM NUM ALLOY FILLER AIRCO PA- 3A/ PA- 350

One conplete set of .100 inch thick 5086 H 32, QQ A-150/7, alum num all oy
sheet material was butt welded out-of-position with the use of full pene-
tration one-side gas nmetal arc welding process. Two . 100 inch thick
5086 H 32 aluminum alloy sheet material approximately 12 inches long x

8 inches wide were butt welded along the 12 inch Iength to make a weld
test specimen panel of 12 inches wide x 16 inches long. Shielding gas
used was 75% helium 25% argon. Flow rates were approximtely 40 cu. ft.
hr. These test panels were welded in the vertical-up, overhead and hori -
zontal. welding positions. Al test panels were radiographed and net
requirements for Cass 1 per NAVSH PS 0900-003-9000 and M L- STD-248C.

The Airco PA-350 welding power source, System 1 wire feeder, and the
Aircomatic (Binzel) 350 anpere air-cooled gas nmetal arc welding gun
conbination was utilized. Filler wire was .045 inch dianmeter 5356 al umnum
al l oy.

Typi cal weld machine settings for the various welding positions were
as follows:

VEELDI NG

PONER VELDI NG W RE

SOURCE PCSI TI ON DI AMETER AWPERES  VOLTAGE 1NCHES PER M NUTE
AIRCO PA-3A  VERTI CAL- UP . 030" 45 19 15.6

PULSE MODE

Al'RCO PA-3A HORI ZONTAL . 035" 55 19 18

PULSE MODE

AIRCO PA-350  OVERHEAD 3/ 64” 70 16 17

SHORT- ARC  MODE

It should be pointed out that in this set of test specimens, the vertical-
up and also the horizontal welding positions were welded with .030 and .035
inch dianeter filler wires respectively with the use of the Airco PA-3A

wel ding power source, Airco AHF-NP wire feeder and AH35 C-2 pul | gun.
Porosity was a problem and therefore weld filler wire diameters were changed

N



to determne whether or not filler wire diameters mght have been the
cause. It appears that turning off the water in the water coolant system
to the torch was the main resolution for the porosity problem when wel di ng
at low heat inputs. V& decided to omt water recirculation in the water
cool ed torches for aluninum material thickness under .100 inch. At this
point in the program the Airco PA-3A power source malfunctioned and was
sent back to the distributor for repairs and recalibration. Al base

line data and information was conducted with the use of the Airco 350

wel ding power source, System 1l wire feeder and the 350 anpere air cool ed
gun.

As illustrated in the above machine setting chart, the overhead panel was
wel ded with the Airco 350 power source, System 1 wire feeder and 350
anpere Binzel (Arcomatic) air cooled GVAW torch.

Typical weld test set-up for vertical-up, overhead and horizontal positions
are shown in Figures 44, 45 46, and 47. Aso, typical weld beads rejected
either by visual or by radiography were sheared off approximtely 1%
inches wide as illustrated in Figure 48.
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Shortly after the decision to conduct our base line test devel opment with
the Airco PA-350/System 1 feeder/Binzel 2 position air cooled gun com
bination; at the 64th AWS Annual Convention held in Philadel phia during
April 25-29, 1983; a paper entitled, "Study of Droplet Transfer in Pulsed
GVAW Vel ding," was presented by S. Ueguri, K Hara and H Konura of

M tsubishi Electric Corporation, Japan. They clainmed to have devel oped

a pulsed GVA Wl ding machine in which the pulsed current is properly
stabilized by feedback control of arc voltage. They further claimed that
they had determined the required conditions for a proper current waveform
by the pulse anplitude, the pulse duration and the pul se frequency,

in which small droplet transfer fromthe wire to base material was
attained with great consistency and reliability. And also that a

stable arc and spatter free welding condition are achieved

The key results of their study are quoted bel ow

"1. During the intitial part of the pulse duration including the base
current period, the electrode tip is melted into the droplet. At the
end of this part, the volume of pendant droplet at the tip is just so
much that the gravity reinforced by the pinch effect overcomes the sur-
face tension, and the droplet begins to nove towards the base netal
then the tenperature of droplet is at about its nelting point, i.e
(15357¢c)."

"2. The residual part of the pulse is necessary for the droplet to continue
to nove and detach finally fromthe electrode, Thus, the droplet is
forced to be superheated up to about 2200C."

"3, The pulse duration nust be just |ong enough so that the droplet may

be heated, transferred and detached fromthe el ectrode. And under this
condition, the pulse frequency has to be set enough that the electrode
nelting rate may be equal to the electrode feeding rate. \Wen the duration
is much smaller, the droplet fails to transfer to the base metal during

one pulse and swells into a large gl obe which makes an arc unstable.

When the duration is longer than necessary, the electrode tip is so nmuch pro-
| onged that the second or third droplet transfers fromthe wre during

one pulse. In this case, the electrode tip is apt to touch the base neta
causing nuch spatter."



"4, In the case of the spray transfer under the steady direct current,
the arc heat is continuously put into the wire and the wire tip is pro-
longed inevitably. On the other hand, we can get a shorter and stabler
arc by a proper pulsed current described above.”

"5, W calculated the profile of pendant droplet according to Geene's
theory and found a good agreement between the calculated results and the
experimental results observed with high-speed notion picture. Geene's
theory has been devel oped for the steady direct current and not yet
verified by any experinent. However, in the case of mld steel and stain-
|l ess steel, we consider his theory is nore suited for the pulsed current,
since his assunption that the shape of pendant droplet is globular is

nmore appropriately satisfied with batch input.”

Di scussions previously with Mtsubishi Electric personnel at the AWS
(American Welding Society) Welding Shows indicated that their pulse arc
GVAW power surce was not recommended for welding alum num or alum num
alloy materials.

The Airco PA-350 pulse arc welding power source does have capabilities

to weld alum num and alumnum alloys in addition to welding mld steel
stainless steel and other materials. The Airco PA-350 appears to conform
very nuch to Messrs. S. Ueguri, et. al.'s description of a pulsed GVAW
power source in which, "pulsed current is properly stabilized by feed-
back control of arc voltage."



FIGURE 44
TYPICAL WELD TEST SET-UP FOR VERTICAL-UP WELDING



FIGURE 45 '
TYPICAL WELD SET-UP .FOR QVERHEAD WELDING



FIGURE 46
TYRICAL WELD SETTING DEVELQPMENT APPROACH FOR .HORIZONTAL WELD: FULL PENETRATIQN RUTT WELD
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TYPICAL REJECTED QELD BEADS (VIA VISUAL/RADIOGRAPHiC INSPECTIONS)

SHEARED/MACHINED OFF TEST PANEL
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CRUTCHER RESOQURCES CORPCRATI ON ( CRC)
ARC DATA ANALYZER (ADA)

An arc data anal yzer was procured from CRC Wl ding Systens; Houston, Texas
to monitor and record our basic welding variables during the establishnent
of certified weld machine settings. See Figure 49.

The ADA thermal printout provides extensive welding information about each
weld. Every log is prefaced with the date, time, welding station and the
test nunber. The ADA prints the welding paraneter values at a frequency
selected by the user. In addition to printing the average values for arc
voltage and current, the ADA conputes and prints the standard deviation

for these paraneters. The standard deviation provides a statistical measure
of the variation of voltage and current signals about their average val ues.

Upon conpletion of a weld, a printed summary showing total elapsed arc-on
tinme, travel distance, length of filler wire used, total deposition and

heat input is nade avail able.

A typical thermal printout illustrating the data log is illustrated in
Figure 50.
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5086 H 32 ALUM NUM ALLOY SHEET: . 063 INCH THI CKNESS;
ER 5556 ALUM NUM ALLOY FILLER WRE; AIRCO PA-350

One set of .063 inch thick 5086 H 32, QQ A-150/7, alum num alloy sheet
material was butt welded out-of-position with the use of the full penetra-
tion one-side gas metal arc welding process. Two 1/16 inch thick x 8 inch
wide x 12 inch long sheets were butt welded to make an approximately 12
inch x 16 inch test panel. See Figure 51, which shows the weld bead surface
and underbead. These weld test panels were subsequently machined into mechani-
cal properties specinmens. i.e. Tensiles, root and face bend specinmens

Start and stop tabs approximately 2 inches x 1 inch x .063 inch thickness
of same alumnum alloy as the base nmaterials were used so that maxinum
panel |ength could be used. Shielding gas used was 75% hel i um 25% argon
These test panels were welded in the vertical-up, overhead and horizontal
wel ding positions. No flat (downhand) panels were welded because these

are normally not required for welding procedure qualification. Al test
panel s were radtographed and net Class 1 requirenents per NAVSH PS 0900-
003-9000 and ML-STD-248C. The Airco PA-350 welding power source, System
1 wire feeder and Aircomatic (Binzel) 350 anpere air-cooled gas netal arc
gun was utilized. Filler wire was 3/64 inch dianmeter, 5556 alum num alloy.
Typi cal nmachine settings for the various welding positions are as follows:

VELDI NG WIRE TRAVEL SPEED ALUM NUM_ALLOY
POSI TI ON DI AMETER AVPERE VOLTAGE INCHES PER MNUTE  FILLER WRE
VERTI CAL-UP  3/64 inch 50 15 18 ER 5556
OVERHEAD 3/ 64 inch 50 15.5 20 ER 5556
HORI ZONTAL 3/ 64 inch 50 15 18 ER 5556

Specific pertinent nmachine settings that were used on test panels are covered
later in the section covering weld machine settings

Figures 52, 53, and 54 show the typical weld bead surfaces and also the
penetration bead on the far side.
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FIGURE 51
5086 H-32 ALUMINUM ALLOY SHEET 0.Q063 INCH THICK WELD TEST PANELS;

WELD BEAD SURFACE (CENTER)/WELD BEAD UNDER BEAD (TOP/BOTTOM)



(TOR LEFT & RIGHT) AND BACK WELD BEAD (BQTTOM)
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5086 H32 ALUM NIUM ALLOY SHEET: . 063 I NCH TH CKNESS;
ER 5356 ALUM NUM ALLOY FILLER WRE;, AIRCO PA-350

Two pieces of 7% inch wide x 12 inch long were butt welded with the gas
metal arc welding process in the vertical-up position to make a 15 inch
X 12 inch butt welded panel. Aumnumalloy filler wire used was 3/64
inch dianeter 5356 alumnum alloy. The welding was acconplished in the
short-arc node on the Airco 350 power source, System 1l wire feeder and
Aircomatic 350 anpere (Binzel) GVAW torch conbination.

For some unknown reason it was not possible to attain Cass 1 radiograph
quality level butt welds in either the overhead or horizontal positions.
Wy it was feasible to weld in all positions with the use of 3/64 inch
diameter 5556 aluminum alloy filler wire and not with the use of 5356
alumnum alloy wire was unknown at this point in tine.

Typical machine settings for vertical-up welding were as follows:

VELDI NG W RE TRAVEL SPEED
POSI TI ON DI AVETER AWPERES VOLTAGE I NCHES PER M NUTE
VERTI CAL- UP 3/ 64 1 NCH 40 15.5 18.5
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5083 H 323 ALUM NUM ALLOY SHEET: . 125 I NCH THI CKNESS:
ER 5356 ALUM NUM ALLOY FILLER WRE;, AIRCO PA-350

Qut-of-position full penetration gas metal arc butt welding of .125 inch
thick 5083 H 323, QQ A-250/6, alumnum alloy sheet base material was
conpleted. Two base netal plates each .125 inch thick x 8 inches w de Xx
12 inches. long were butt welded to make nechanical properties specinen
test panels 12 inches x 16 inches. Al test panels welded were radiographed
to meet Class 1 requirenents per NAVSH PS 0900-003-9000 and M L- STD- 248C.
The Airco PA-350 welding power source, System 1 wire feeder and Airco-
matic (Binzel) 350 anpere air-cooled gas nmetal arc welding gun equipnent
conbi nation was used. Typical short-arc welding machine settings for the
various welding position and filler wire alloy and dianeters are shown
bel ow:

FILLER WRE

ALLOY & MVELDING TRAVEL SPEED
DI AMETER POSI TI ON AVPERES  VOLTAGE I NCHES PER M NUTE
ER 5356 VERTI CAL-UP 70 17 14.1

3/ 64" dia.

ER 5556 VERTI CAL- UP 70 17 12.8

3/ 64" dia.

ER 5556 HORI ZONTAL 85 19.5 15

3/ 64" dia.

ER 5356 OVERHEAD 105 15 20

3/ 64" dia.
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Qut-of-position, one-side, full penetration manual pulsed GVAW butt

wel ded test panels were etched in the weld cross sectional areas and
visual |y inspected with 10X magnification. The etching reagent used for
revealing the mcrostructure on the 5000 series alumnum test panels is
listed below

ETCHANT FOR ALUM NUM AND ALUM NUM ALLOYS

Hydrochloric Acid (Cone.) 15 m.
Hydrof luoric Acid (48% 10 .
Wt er 85 m.

This solution was used at room tenperature and applied on the prepared weld
cross sectional area by swabbing.

The weld cross sectional surface areas were prepared by filing and sanding
with netal | ographic paper. The etchant solution was swabbed on with cotton
applicators until the desired contrast was attained. Upon etching, the
test panel specinens were rinsed thoroughly and dried with warmair.

Typical etched weld cross sectional areas for .063 - .250 inch weld test
panels are illustrated in Figure 55.
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FIGURE 55
TYPICAL QUT-QF-POSITION, ONE-SIDE FULL PENETRATION MANUAL PULSED GMAW

BUTT WELD CROSS SECTIONS (ETCHED)



5086 H 116 ALUM NUM ALLOY PLATE: . 250 I NCH THI CKNESS,
ER 5556 ALUM NUM ALLOY FILLER WRE;, AIRCO PA-350

One set each of 1/4 inch thick, 5086 H 116, QQ A-150/19, alum num alloy
plate materials were butt welded in the vertical-up and horizontal weld-
ing position. Two 1/4 inch thick x 8 inch wide x 12 inch long test piece
parts were butt welded to make a 12 x 16 inch weld test panel. Both
vertical-up and horizontal test panels were acceptable radiographically.
However, acceptable overhead panels could not be attained per Class 1
requirements of NAVSH PS 0900-003-9000. The Airco PA-350 welding power
source, System 1 feeder, and the Binzel 350 anpere air-cooled torch set-
up was used. Filler wire was ER 5556 aluminum alloy in the 3/64 inch

di ameter size. Typical machine settings for the vertical-up and the
horizontal positions are summarized bel ow

VEELDI NG WIRE TRAVEL SPEED ALUM NUM ALLOY
POSI TI ON DIAMETER  APERE  VOLTAGE | NCHES- PER-M NUTE.  FILLER WRE
VERTI CAL-UP 3/ 64" 150 16 11.5 ER 5556

HORI ZONTAL 3/ 64” 149 14.5 8.4 ER 5556

For specific details, see followi ng section on machine settings.

At a later date when devel oping radiographically acceptable weld machine
settings, successful welds in the overhead position ora .250 inch. thick,
5086 H 116 alumnum alloy plates were attained with the use of 3/64 inch
diameter 5356 alumnumalloy filler wire.
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5456 H 116 ALUM NUM ALLOY PLATE: . 250 | NCH THI CKNESS
ER 5556 ALUM NUM ALLOY FILLER WRE; Al RCO PA-350

One set each of 1/4 inch thick, 5456 H 116 al umi num alloy, QQ A-150/20,
plate materials were butt welded out-of-position in the vertical-up and
horizontal positions. Two 1/4 inch thick x 8 inch wide x 12 inch long
test piece parts were butt welded to make a 12 x 16 inch weld test panel
Al'l test panels were acceptabl e when non-destructive tested, i.e. visual
penetrant, and radiographic. Full penetration, one-side welds in the
overhead position could not be achieved. The Airco PA-350 welding power
source, System 1 feeder and the Binzel 350 anpere air-cooled torch set-
up was utilized. Filler wire was 3/64 inch dianeter, ER 5556 alum num
alloy. Typical machine settings for the vertical-up and horizontal posi-
tions are summarized bel ow

VELDI NG W RE TRAVEL SPEED ALUM NUM_ALLOY
POSI TI ON DIAMETER AWMPERE  VOLTAGE | NCHES- PER-M NUTE FILLER WRE
VERTI CAL-UP 3/ 64" 115 18 9.3 ER 5556

HORI ZONTAL 3/ 64" 156 14.5 8.5 ER 5556

For specific pertinent details, see section on Machine Settings

At a much later date when devel oping radiographically acceptable weld machine
settings, successful welds in the overhead position on .250 inch thick,

5456 H 116 aluminum alloy plates were attained with the use of 3/64 inch
dianeter, 5356 alumnum alloy filler wires
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5083 H 321 ALUM NUM ALLOY PLATE: . 250 | NCH THI CKNESS
ER 5556 ALUM NUM ALLOY FILLER WRE; Al RCO PA-350

One set each of 1/4 inch thick, 5083 H 321 alumnum alloy, QQ A-150/6,
plate materials were butt welded in the vertical-up and horizontal posi-
tions. Two 1/4 inch thick x 8 inch wide x 12 inch long test piece parts
were butt welded to make a 12 x 16 inch weld test panel. Al test panels
passed visual, penetrant and radiographic inspection requirenents. Ful
penetration, one-side welds in the overhead position could not be attained.
The Airco PA-350 wel ding power source, System 1 feeder and Binzel 350
anpere air-cooled torch welding set-up was utilized. Filler wire used

was 3/64 inch dianeter, ER 5556 alum num alloy. The typical nachine
settings for the vertical-up and horizontal welding positions are sumarized
bel ow:

VELDI NG W RE TRAVEL SPEED ALUM NUM_ALLOY
PSITION  DIAMETER AWEREOLTAGE INCHES PER MNUTE  _FILLER WRE

VERTI CAL- UP 3/ 64" 130 15.7 12 ER 5556
HORI ZONTAL 3/ 64" 145 14.5 10.2 ER 5556

For nore detailed information, see section on Machine Settings.
At a nuch later date when devel opi ng radiographically acceptable weld
machi ne settings, successful welds in the overhead position on .250

inch thick, 5083 H 321 alumnum alloy plates were attained with the use
of 3/64 inch diameter, 5356 aluminum alloy filler wires
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VELDI NG PROCEDURE SPECI FI CATI ON_QUALI FI CATI ON_DATA

Vel d procedure qualification test summary pages covering the necessary

wel ding paraneters such as base material, filler wire type and diameters,
shielding gas(es), pulse power source, torch, cup orifice, welding position,
preheat, current characteristics, current range, voltage range, wre feed
speeds, travel speed and non-destructive test results are shown in the

fol lowing pages. Specific weld machine settings as well as nechani cal
properties data are covered under respective sections in this report.
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[PACIFIC SHIPYARDS CORPORATION] TEST SERIES NO._Al.3
PROCEDURE NO.

SEATTLE DIVISION CONTRACT  HARMD SPT

WELDING PROCEDURE QUALIFICATION TEST SUMMYARY DATE 12/1/83
PR OPERATING PARAMETERS:
i WELDING POS, VERT-UP NO. PASSES_ 1
s I b PREHEAT__60° MIN __ INTERPASS TEMP.

CURRENT CHARAC. D.C. R.P.

CURRENT RANGE__50

QUALIFICATION JOINT VOLTAGE RANGE 15
MATERIALS: o
BASE SPEC._Q0-A-150/7 5086 H~32 WIRE FEED IPM__125
MATL. THICKNESS __.063" SHIELD FLOW 40 CFH
FILLER SPEC.AWS AS5.10-80 ER 5556 TRAVEL SPEED 18 1M
FILLER DIA, 3/864" MAX, HEAT INPUT J/IN  NA
SHIELDING GAS_75%HE/25%ZAR HEAT TREAT__ NA
FLUX AND SIZE NA
EQUIPMENT :
POWER SUPPLY_AIRCO PULSE ARC 320
TORCH OR HOLDER TYPE_BINZEL OTHER
CUP TYPE & SIZE 3/4" METALLIC
ELECTRODE TYPE & SIZE__ NA
NDT TESTS: RESULTS:
Visual — No visible defects
Lxdvis, Le dprl_durl g TrrL__Jmr
P T, Acceptable = Report # 1600 attached
DT TESTS: PLATE OR SPEC. SER. NO.
— Sat. Report # E28426-2 R.T. Acceptable - Report # 7039 attached
x| RST l
| HRONS
| CHARPY
| SIDE BEND
X |ROOT BEND Sat. Report # EZ8420-2
X | FACE BEND Sat. Report # E28426-2
| FILLET BEND : S
|| FTLLET BREAK
TRANS,SHEAR . —
|| LONG SHEAR o
| EXPLBULGE -
| | OTHER
REMARKS :
ool
i PPY AN AW NN
J.H. HITCH lﬁ- 10879 J. JOHNSTON

Wl N NPDR e ~1OCY NN TCOT DV T~ IAD DAL~
Tikminl/ Wi NG U 3 Vi XV e IQo1 Dl YVAL. RANGC

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
ﬁP‘IW\T TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED
BELOW.

RNy~

ING ENGINEER DATE



TODD SHI PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-10- 83

TODD ORDER NO. 4787 | TEM NO 101. 00 REPORT NO 1609

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS No. A1l 3 MATERI AL: Al umi num
PENETRANT EQUI P. DUBL- CHEK; VISIBLE RED PENETRANT TI ME: 15-20 min.
REPORTS TO. Distribution DEVELOPMENT TI ME: 7-30 min.

PER SPEC: M L-STD-271_E__, NAVSH PS 0900- 003-8000, CLASS I

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptabl e.

exr

B.
A PT- PENETRANT INSPECTOR R. Boil
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Cable “Robin™ New York
' I IOD SEIFPYARDS CORPORATIOIN
Saattle Divisient 1301 16th Avenue, SW.  Sesttis, Washington 98124 « 6231635 (208 REPORT NO._7039
DATE
RADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO.NNS POM-70200-R  HULL N/A
J0B NAME_ _ TwPS No. A 1 . 3 J0B NO. 4787 . ITEM NO. 101.00 PAGE 1 of 1
DESCRIPTION MARAD PLATE GMAW SHORT ARC PROCESS MAT'L Aluminum .063 QUANTITY 1
RSS NO. WQ-001-A QUALITY LEVEL: 2-2T[X] 2-4TJ--% RT: 100% & 50%00 10%0 spo1d
|- o . = MIL- STD-271-E 3§
o 2o | &, |2 E§§ = DISPOSITION gsgsggg_suinn-nus-auuu,cuss 1
> o5 | 21 ==—=¢b- Sle — DGUSSBD
=(EZ58 vev |S|2|SE5E25I5 S \5| owr | 5| S [OHER
= |G |E=S S| ==a=TIE (5|35 41, 3|2 = REMARKS
D=4 30! .063{-| O-1 | 01 111|* | VERT UP| X *Spatter not removed
Prior to removal of weld re-
forcement
CODE
. ACCEPTABLE RADIATION SOURCE:
. 22§2§§,‘J2‘ X-RAY: KV .20 _mA__2 PREPARED BY /2 ¥oore N
. IR-192: CURIES ' C7n
SINGLE FILM (3] NO.OF | _FILM SIZE AND QUANTITY |  APPROVED BY__£ °- A &L@—
BOTH O 1 2
RADIOGRAPHER(S) T. Moore/C. Krofta
QA-RT-2

e e e 106 ; - - ———— e




[PACIFIC_SRHIPYARDS @@RP@@A’TH@NI TEST SERIES NO.__Al.23
PROCEDURE NO.

CEATTLE BIVISGIEN PROCESS ——GMAW
DSALU I LS WV US Ul CONTRACT MARAD SP—-7
WELDING PROCEDURE QUALIFICATION TEST SWMD\RY DATE 12/1/83

OPERATING PARAMETERS:
/—H—— WELDING POS. _VERT--UP NO. PASSES 1
PREHEAT_60°MIN INTERPASS TEMP.
£ [ = CURRENT CHARAC.___ D.C. R.P.
CURRENT RANGE 40
QUALIFICATION JOINT VOLTAGE RANGE__15.5
MATERIALS: ) —
BASE SPEC.__QQ-A-150/7 : WIRE FEED IPM__172
5086 H32
MATL. THICKNESS (063" SHIELD FLOW 40 CFH
FILLER SPEC. AWS AS5.10-80 TRAVEL SPEED 18.5 IPM
ER 5356
FILLER DIA. 3/64" MAX. HEAT INPUT J/IN __ NA
SHIELDING GAS ___ 757HE/257AR HEAT TREAT wnA

FLUX AND SIZE _NA

EQUIPMENT ;

POWER SUPPLY_AIRCO' PA 350

TORCH OR HOLDER TYPE _BINZEL OTHER

CUP TYPE & SIZE METALLIC 3/4'"

ELECTRODE TYPE & SIZE NA

AINT TECTC. RECHI TQ
/| [(E=CARTX] $ N ot o e § T @

Visual — No visible defects

P.T. ‘Acceptable — Report # 1611 attached

DT TESTS: BLATE OR SPEC. SFR. No. |
E RST Sat. Report # 128426-3 R.T. Acceptable - Report # 7037 attached
| HRDNS — -
| CHARPY
|| SIDE BEND )
X |ROOT BEND  Sat. Report {# E28426-3

¥ FACE BEND Sat. Report Jz;‘ Ezogé zcg;?z
t FILLET BEND
| FTLLET BRFAK
- TRANS,SHEAR
|| LONG SHEAR
| EXPL.BULGE
—joTHER
REMARKS:

7~

g4 mrrer WM NFY 10879 J. JOHNSTON

WELD OPR. f CLOCK NO. TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED
BELOW.

— —

L

WELDING ENGINEER DATE




TODD SHI PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5- 10- 83

TODD ORDER NO__4787 | TEM NO 101. 00 REPORT NO 1611

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWS NO A1 . 23 MATERI AL: Al umi num
PENETRANT EQUI P. pusL- cHex; VI SIBLE RED PENETRANT TI ME: 15-20-.
REPORTS TO Distribution DEVELOPMENT Tl ME: 7-30 mn.

PER SPEC. M L-STD-271_E__, NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS FOM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

B.
Q- PT. PENETRANT INSPECTOR R. Bell

1AaNnN



Cable “Robin” New York
I I 'OD SIIDYARDS CORPORATION -
Sasttie Divisien: 1301 16th Avenue, S.W. Seattis, Weshington 98124 . 623-1633 (208) REP[]RT Hﬂ. 2037
DATE 37%783

RADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO. NNS POM-70200-R  HULL - N/A -
10B NAME __ TWPS No. A 1 . 23 J0B NO. 54787 [TEM N0.101.00 PABE 1 of 1
DESCRIPTION _MARAD PLATE _ GMAW SHORT ARC PROCESS __ MAT'L Aluminum ,063 QUANTITY 1
RSS NO. Wo-001-A QUALITY LEVEL: 2-2T[ 2-4T[J--% RT: 100% 03 50%00 10%3 SPoT]

= = T = MIL- STD-2TTE X]

o 2l _|= -1 g[ﬁugz . DISPOSITION rgsgﬁgsusnu-nua-suuu,cuss 1
=S |lwuale - =S e =] b - A[J couss B[
=|SIEE(S| ver |S\B|ZEEESS|SS|E| 0w || B LR

2 E=E|IS HHE = HEHEHE S R REMARKS
=k |20] .063]« | O=1 ol |1 1|1]*| VERT UP| X Prior to removal of weld rein-

forcement.
“Spatter
CODE

. ACCEPTABLE RADIATION SOURCE:

. BORDERLINE X-RAY: KV 70  mA_2 PREPARED BY__T . Moore .

. EXCESSIVE [R-192: CURIES 47 i{x A
SINGLE FILM [] NO.OF |__FILW SIZE ARD QUANTITY APPROYED BY _Z=.. /Q— / 174
MULTIFILM [ VIEWS 141517 l41,x10 ACCEPTED BY

BOTH ' 1 2

RADIBGRAPHER(S) _T. Moore/C.Krofta

QA-RT-2

—— e —————— e - 109 . _ - — e



PACIFIC SHIPYARDS CORPORATION TEST SERIES NO. Al.l4
. PROCEDURE NO.
MmME NGRSAN = M NVN7 0 @ENEA N PROCESS GMAW
oAl | ks WUWiVisSIUN CONTRACT MARAD SP—7
WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 12/1/83

OPERATING PARAMETERS:
WELDING POS, HORIZONTAT. NO, PASSES 1

PREHEAT 60 MIN INTERPASS TEMP. NA

CURRENT CHARAC. DC RP

CURRENT RANGE 50

QUALTIFICATION JOINT

VOLTAGE RANGE _15

MATERIALS: e
BASE SPEC._0QQ-A-150/7 WIRE FEED IPM___ 168

5086 H-32
MATL. THICKNESS _.063" SHIELD FLOW___ 40 CFH

FILLER SPEC. AWS A5.10-80
ER 5556

TRAVEL SPEED_18 T1pM

FILLER DIA,3/64"

MAX. HEAT INPUT J/IN__NA

SHIELDING GAS_754HE/25%AR HEAT TREAT, NA
FLUX AND STZE_ NA

EQUIPMENT :

POWER SUPPLY_AIRCO PA 350

TORCH OR HOLDER TYPE__ BINZEL OTHER

CUP TYPE & SIZE_METALLIC 3/4"

ELECTRODE TYPE & SIZE_NA

NDT_TESTS: RESULTS:

Visual - No visible defects

Lx lyrs. Lx derl_Jurlx irrl__Imr

P.T. Acceptable -~ Report # 1610 attached

DT_TESTS: PLATE OR SPEC. SER. NO. .
= per o e R.T. Acceptable - Report # 7038 attached
_l_\__‘ N »al Keporr 3 rnZsa0—1
| HRONS
CHARPY ’
|| SIDE BEND
X {ROOT BEND  gat. Repoxt # E28496-1
X | FACE BEND  Sat, Report # E28426-1
_IFILLET BEND
| FILLET BREAK
|| TRANS.SHEAR
| LONG SHEAR
|| EXPL.BULGE
] oTHER
DC'AAI\DVC:
e X
J.H. HITCH LEY,) 10879 J. JOHNSTON
WELD OPR (// S CLOCK NO. TEST BY QUAL. RANGE
THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED
BELOW.

/\_ 4/)ﬂN

M
ING ENGINEER

DATE




TODD SHI PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-10- 83

TODD ORDER NO._4787 . | TEM NO. 101. 00 REPCRT NO._ 1610

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWS NO A1 . 14 MATERI AL: Al um num
PENETRANT EQUI P. DUBL- CHEK; VI SIBLE ReD PENETRANT TIME: 15-20 min.
REPORTS TO Distribution DEVELGPMENT TI ME 7-30 min.

PER SPEC. M L-STD-271_E __, NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

/\

‘mn

Q- PT- PENETRANT INSPECTOR R. Bell

111



Cable “Robin” New York

TODD SHIPYARDS CORPORATION

Saattte Divisiens 1201 16th Avenus, SW.  Sesttls, Washington 98124 » 623-163S (208) REPORT NO. 7038
DATE

IADIOGRAPHIC INSPECTION REPORT-WELDMENTS.- CONTRACT NO.NNS POM-70200-R  HULL N/A
0B NAME__ TWpS No. A 1 . 14 108 N0.4787 . ITEM N0.101.00 PAGE 1 ofl
JESCRIPTION . SHORT ARC PROCESS MAT'L Aluminum .063 QUANTITY 1
:SS NO. wQ-001-A nuALm LEVEL: 2-2T[d 2-4T[J--% RT: 100% 3 50%0 10%0 spoTJ

= p ; " MIL- STD-2TTE
=|8la_|= =1 g‘;gg — DISPOSITION HAVSHIPS 0300-003-8000,CLASS L
2= 125 | 212 =S e o o ASSAD GLASS B[]

= ZIZEE vew |3|2(2BEESS| 5|2 |S| owr |5 | F [LTHER

= |GIE=S SR Z=aEZRIS | SRS 1 == REMARKS
=4 | 20} .Q63}~| O-1 ol 1 1] 1] *| HORIZ X Prior to removal of weld rein-

forcement
*Spatter
CODE

. ACCEPTABLE RADIATION SOURGCE:

. BORDERLINE X-RAY: KV 70 _mA_2 PREPARED BY__T. Moore /

. EXCESSIVE R-192: CURIES L < o (>
SINGLE FILY (X] NO.OF |__FILM SIZE AND quanTiy |  APPROVED BY £~ . )
MULTIFLR O YIEWS 414x17 1415%10 ACCEPTED BY

BOTH O 1 2

RADIOGRAPHER(S) _T. Moore/C.Krofta
QA-RT-2




PACIFIC SHIPVARDS CORPORATION]
- [~ _d . |

SEATTLE DIVISION

WELDING PROCEDURE QUALIFICATION TEST SUMMARY

TEST SERIES NO.__A2.5
PROCEDURE NO.

PROCESS GMAW
CONTRACT MARAD SP-7
DATE 12/1/83

OPERATING PARAMETERS:
/—H—— WELDING POS. OVERHEAD __ NO. PASSES__ 1
< PREHEAT___ 60" MIN __ INTERPASS TEMP._NA
= [ = CURRENT CHARAC.D.C. R.P.
CURRENT RANGE__50
QUALIFICATION JOINT VOLTAGE RANGE_ 15,5
ALS:
BASE SPEC.__QQ-A-150/7 WIRE FEED IPM_ 155
5086 H-32

MATL. THICKNESS _ ,Q63"
FILLER SPEC. AWS A5.10 - 80
ER 5556

SHIELD FLOW__40 CFH

TRAVEL SPEED20 IPM

FILLER DIA._ 3/64"
SHIELDING GAS 75ZHE/25%AR

MAX. HEAT INPUT J/IN__NA

HEAT TREAT__NA

FLUX AND SIZE__NA

EQUIPMENT: I
POWER SUPPLY__AIRCO PA 350

TORCH OR HOLDER TYPE___BINZEL OTHER
CUP TYPE & SIZE METALLIC 3/4'"

ELECTRODE TYPE & SIZE_NA

NDT TESTS: RESULTS:

Visual — No visible defects

(X Jvrs, (X derl _Jut LXdrT L__IMT

: PLATE OR SPEC. SER. NO.

RST Sat. Report # E28426-4
HRDNS
CHARPY
SIDE BEND

ROOT BEND Sat. Report # FE28426-4
FACE BEND

Sat., Report # E28426-4
FILLET BEND

FTILLET BREAK
TRANS.SHEAR
LONG SHEAR
EXPL..BULGE
OTHER

P.T. Acceptable - Report # 1612 attached

Q
3
—
2

R.T. Acceptable - Report # 7040 attached

HERRERECHERE

REMARKS:

Ll { ]

J.H. HITCH ,Ll 'u/(z/ 10879 J. JOHNSTON
WELD OPR. / ’ CLOCK NO. TEST BY

A\

QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW,
LDING ENGINEE

DATE




TODD SH PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-10- 83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPORT NO 1612

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR Tws No. A 2.5 MATERI AL: Al um num
PENERANT EQUI P. DUBL- CHEK; VI SIBLE RreD PENETRANT TIME: 15-20 nin.
REPORTS TG Distribution DEVELCPMENT TI ME 7-30 mn.

PER SPEC. M L-STD-271_E__, NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

—

0,
S
ex{ T,

) B. Dy -y
QA- PT- PENETRANT INSPECTOR__ R. Bell

114



Cabile “Robin” New York

Sesttie Divisiem 1301 16th Avernus, S.W. Seattls, Wamington Jeice - 5231835 (20§ REPORT HO. 7040
DATE _5/9/83
ADIGBRAPHIC INSPECTION REPORT-WELDWERTS-- CONTRACT KO.NNS POM-70200-R _ HULL /A
)JB_NAME __TwDPS No. A 2.5 _J0B NO.4787 ITEM N0.101.00 PAGE 1 of1
ESCRIPTION MARAD PLATE GMAW SHORT ARC PROCESS MAT'L Aluminum .063 QUANTITY 1
SS N0, WR-001-A QUALITY LEVEL: 2-2T[X] 2-4T[J--% RT: 100% & 50%03 10%0] spoTd.
zl=l, |2 sl |p S DISPOSITION | X <RiPs 0915 03-5000,CiAss 2
I W= (e - -003-9000,CLASS =
R~ e I N P e ek
3—;—-;—@: Ezzazsﬁgggg s:_:um;n.
HEEEE HHE S HEE S N EIE REMARKS
L |30} 063[«| O=1 |O[1}1 1{1{ *| oviD X Prior to removal of weld re-
inforcement
*Spatter
CODE = —

ACCEPTABLE RADIATION SOURGE: , I
BORDERLIKE X-RAY: KV 7 _mA_< PREPARED BY__I. Moore
EXCESSIVE IR-132: CURIES _1\/A .0 A&
SINGLE FILM &1 NO.OF |__FILW SIZE AND QUANTITY APPROVED BY £ 3= 4% ./ Je 2@
BOTH m| 1 P

RADIOGRAPHER(S] _T. Moore/ C. Krofta

UA-Ni-£

e 115 - - - — e




- . y - | N
@A@ﬂ[ﬁﬂ@ SHIPYARDS CORPORATICON TEST SERIES NO. B1.18
~—_— - -— PROCEDURE NO.
GEATTLE BIVISION PROCESS GMAW
DS MAAU U B () vV U UE U CONTRACT MARAD SP-7
WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 19/1/83
OPERATING PARAMETERS:
/—H—— WELDING POS._VERTTCAL-IPNO. PASSES 1
|74 o PREHEAT 60°MIN INTERPASS TEMP. 'NA

= T = CURRENT CHARAC. D.C. R.P.

= : = CURRENT RANGE 45 AMP,

' QUALIFICATION JOINT VOLTAGE RANGE____ 19 VOLTS
MATERIALS:
BASE SPEC._QQ—A-150-7 ' WIRE FEED IPM_ 300 T.P.M.

5086 H-32
MATL. THICKNESS 100" SHIELD FLOW_4GC CFH
FILLER SPEC. AWS A5.10-80 TRAVEL SPEED 15.6 L.P.M.
ER_5356

FILLER DIA. .030" MAX. HEAT INPUT J/IN__NA
SHIELDING GAS 75ZHE/25%AR HEAT TREAT  NA

FLUX AND SIZE___NA
F(\HTDMFNT

POWER SUPPLY ATRCO _PA 3--A

TORCH OR HOLDER TYPE AH 35C-2 QTHER
CUP TYPE & SIZE STRAIGHT NOZZLE-3/4"
ELECTRODE TYPE & SIZE NA

DECHE TC.
NVl J e

Visual - No visible defects

P.T. Acceptable - Report # 1613 attached

DT TESTS: PLATE OR SPEC. SER. NO.

RST Sat. Report # E28426-5

R.T. Acceptable - Report # 7041 attached

CHARPY

SIDE BEND

ROOT BEND _Sat. Report # E?28426-5
FACE BEND Sat. Report # E28426-5
FILLET BEND

ET | OT ORCAY —_—
} A laimbal (SNt

TRANS . SHEAR
LONG SHEAR

EXPL.BULGE

[TTTTTBRl 11 B

REMARKS:

L A}
J.H. HITCH LXA, J {110879 J. JOHNSTON
WELD OPR. S CLOCK NO. TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

. Q@A/’W’

WELDING ENGINEER DATE
116 WEDO3




TODD SHI PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-10- 83

TODD CRDER NO._4787 . | TEM No. 101. 00 REPORT NO. __ 1613

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS No. B 1 . 18 MATERI AL: Al unmi num
PENETRANT EQUI P. DuBL- CHek; VI SIBLE ReD PENETRANT TIME: 15-20 min.
REPORTS TO Distribution DEVELOPMENT TI ME : 7-30 min.

PER SPEC. M L-STD-271_E _, NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

er

B. Dy ;
QA- PT- PENETRANT | NSPECTOR R "Bell ..

3D

117



Cabie "Robin” New York

f I .OD SHIPYARDS CORPFPORATION -

Sesttie Divisioms 1201 16th Avenue, SW.  Seattls, Weshington 58124 -  623-1635 {208 REPORT NO. 7041
DATE

RADIOGRAPHIC INSPECTION REPORT-WELDMENTS.- CONTRACT NO. NNS POM-70200-R__ HULL _N/a
i0B_NAME TWPS_ No. B 1 . 18 J0B NO.4787 . ITEM NO. 101.00 PAGE_1 of 1
DESCRIPTIQN  MARAD PLATE  GMAW SHORT ARC PROCESS MAT'L Aluminum .100 QUANTITY 3
RSS NO. WQ-001-A QUALITY LEVEL: 2-2T[X 2-4TJ--% RT: 100% X 50%0 10%03 sPoT]

& | - = . L MIL- STD-2711€ &

o 2l _|= -~ g’:gE - N | NAVSHIPS 0300-003-8000,6LASS 1

hré 1 = S we

aHEEEP"REEE SR EER = | | oraen: > A GLASS B

= SS2(3 SIS ZEERE 2| S|s|E N 8= :

SIS EES SR E=EER|E|S|R|5|51 . 18|22 REMARKS

-b]1390 1000~ O-1jp0i1l1 111} */VERT UP | X Prior to removal of weld rein-

forcement
*Spatter
CODE

. ACCEPTABLE RADIATION SOURCE:

. BORDERLIKE X-RAY: KV 200 _mA__2 PREPARED BY _T. Moore G

. EXCESSIVE IR-192: CURIES /A JZ? O ﬁu &7
SINGLE FILM NO.OF |__FILW SIZE AND QUANTITY APPROVED BY /- .

BOTH O 1 >

RADIOERAPHER(S) _ Moore/Krofta

QA-RT-2

— e 118 . - — - — e



[PACIFIC SHIPYARDS @@@P@@A‘FH@NIA TEST SERIES NO. B.50
- = PROCEDURE NO.

@F AN - MIViI&imN PROCESS - —GMAW
D5 AL I LIS IS R TRVEIRI N TSN CONTRACT MARAD SP—7
WELDING PROCEDURE QUALIFICATION TEST SUMMARY DATE 12/1/83
OPERATING PARAMETERS: .
/'—H'— WELDING POS._HORIZONTAL NO. PASSES 1
¥ i PREHEAT 60 "MIN  INTERPASS TEMP, NA
s 1 = CURRENT CHARAC, D.C. R.P.
CURRENT RANGE 55
QUALIFICATION JOINT VOLTAGE RANGE 19
MATERIALS:
BASE SPEC. QQ=A-150/7 : WIRE FEED IFM 260
5086 _H-32
MATL. THICKNESS 100 SHIELD FLOW 40 crH
FILLER SPEC. AWS A5.10-80 TRAVEL SPEED 18 1PM
ER 5356
FILLER DIA, .035" MAX. HEAT INPUT J/IN NA
SHIELDING GAS  75%HE/25%ZAR HEAT TREAT NA
FLUX AND SIZE _ NA
EQUIPMENT: L
POWER SUPPLY _ ATRCO PA 3A i
TORCH OR HOLDER TYPE___AH 35 C-2 |l OTHER

CUP TYPE & SIZE METALLIC 3/4"
ELECTRODE TYPE & SIZE __NA

NDT TESTS: RESULTS:
Visual — No visible defects

Lxlyrs, bxderl _Jur X IrTL__IMrT

P.T. Acceptable — Report # 1607 attached
DT TESTS: PLATE OR SPEC. SER. NO.

RST Sat. Report # E28426-6 R.T. Acceptable = Report # 7050 attached
HRDNS

RECEA =

CHARPY

SIDE BEND

ROOT BEND Sat. Report ¥ E28426-6
FACE BEND  Sat. Report # E28426-6
FILLET BEND
FILLET BREAK
TRANS . SHEAR
LONG SHEAR
EXPL.BULGE
OTHER

al

HEREERINEN

:

)

3.6, #rreE N f[ X,V 10879 J. JOHNSTON
WELD OPR. (] CLOCK NO. TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.
%DLNG ENGINEER/ DA

e

17Q weEanz




TODD SH PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5- 10- 83

101. 00 REPORT NO 1607

TODD ORDER NO._4787 . | TEM NO

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARD PLATE GVAW SHORT ARC PROCESS

FOR TWPS No. B . 50 MATERI AL: Al umi num

PENETRANT EQUI P. DUBL- CHEK; VI SI BLE RED PENETRANT TI ME: 15-20min.
REPORTS TO Distribution DEVELGPMENT TI ME 7-30 mn.

PER SPEC. M L-STD-271_E__, NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

<00
B. D T s
PENETRANT INSPECTOR R. Boil =

QA-PT.

120



Cabie “Robie” New York

FTAL YT YT ) comvnnns comrons |
4 "1 J 1 ) s====os corroraTion

Saattie Division: 1301 16th Avenue, S.W.  Seattls, Washington 98124 - §23-1638 (206) REPORT NO. 7050
ADIOGRAPHIC IMSPECTION REPORT-WEIDMENTS.. COMTRACT MO. uNS POM 70200-R BH?}TEL_s./;iazﬁs_
0B NAME __ TWPS No. B . 50 108 NO. 4787 ITEM NO. 101.00 page I of 1
IESGRIPTION___ MARAD PLATE GMAW SHORT ARC PROCESS MAT'L Aluminum .100 QUANTITY 1
SS N0.  WQ-0O1-A ~QUALITY LEVEL: 2-2T[X] 2-4T[J--% RT: 100% X 50%03 10% 0 SPOT]

ol — = . " M
g—' “ o : E - Q*ZEE — DISPOSITION Hlllilclsl;rbucztunzn n% 9000 orass 1
AH R = |E|2ES S| w ABS ¢ T
SIEEEE wo |3|2|2EEEms B L |55 SN0 RO
i — amm (=4 3 -
= |S|IEER S| =EE=SEDS (BB (S| 5. 50 |22 REMARKS
=4 130 | 100 =] 0=1 0j1j1 1|1 HORIZ X Prior to removal of weld rein-
forcement
CODE
ACCEPTABLE RADIATION SOURCE:
BORDERLINE X-RAY: KV 0 _ mA_2 PREPARED BY__T. Moore
EXCESSIVE IR-192: CURIES /A /_</ § ‘7
SINGLE FILM (X] NO.OF |__FILM SIZE AND QUANTITY APPROVED BY K
MULTIFILM [ VIEWS [414x17 (41510
BOTH 0 T ACCEPTED BY
RABIOGRAPHER(S) T. Moore/C. Krofta
QA-RT-2

— e 121 . - —_ - —_—————



[imrﬁ___-';:\@mm@ BHIPYARDS CORPORATION] TEST SERIES NO. B.74
k PROCEDURE NO.

Q@EATTLE BDIVISION PROCESS —GMAW____
=\ u U = =/ U U U U/ U\ VAN IRAL ﬂ&!z SP=/
WELDING PROCEDURE QUALIFICATION TEST SUMMARY DATE 12/1/83
OPERATING PARAMETERS:
WELDING POS. OVERHEAD NO. PASSES 1
o—2VERHEAD _
PREHEAT 60 "MIN INTERPASS TEMP. NA
= l = CURRENT CHARAC. D.C. R.P.
CURRENT RANGE 70
QUALIFICATION JOINT VOLTAGE RANGE 16
MATERIALS:
BASE SPEC.__ GQQ=A-150/7 WIRE FEED IPM_205
5086 H-32
MATL . THICKNESS 100" SHIELD FLOW 40 CFH
FILLER SPEC. AWS A5.10-80 TRAVEL SPEED 17 IPM
ER 5356
FILLER DIA._ 3/64" MAX. HEAT INPUT J/IN NA
SHIELDING GAS 75%HE/25%AR HEAT TREAT NA
FLUX AND SIZE NA
EQUIPMENT: Il
POWER SUPPLY_ _AIRCO PA_ 350 ||
TORCH OR HOLDER TYPE BINZEL OTHER _
CUP TYPE & SIZE METALLIC 3/4"
ELECTRODE TYPE & SIZE _NA
NDT TESTS: RESULTS:
Viaual - No visible defects
Cx dvis. L_derlx lur L xtrr_IMtll
P.T. Acceptable - Report # 1614 attached
DT TESTS: PLATE OR SPEC. SER. NO.° -
E RST Sat. Report # E28426-7 il R.T. Acceptable — Report # 7043 attached
HRDNS -
| CHARPY
| | SIDE BEND
X |ROOT BEND Sat. Report i# E28426-7
¥ | FACE BEND Sat. Report # E28426-7
|| FILLET BEND
| FILLET BREAK -
|| TRANS.SHEAR
| LONG SHEAR -
|| EXPL.BULGE
| oTHER
REMARKS !
7 7LAI Al
3.5, mrrcE | NN ¥ 10879 J. JOHNSTON o
WELD OPR. ﬂ CLOCK NO. TEST BY QUAL. RANGE

Al

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED
BELOW.

DATE
100 WFNN3Z



TODD SHI PYARDS CORPORATI ON
SEATTLE DI'VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5- 10- 83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPORT NO. 1614

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS No. B . 74 MATERI AL: , Al um num
PENETRANT  EQUI P. pueL-cHi1K; VI SIBLE RED PENETRANT TIME: 15-20 min
REPORTS TO Distribution DEVELOPMENT Tl ME: 7-30 min.

PER SPEC. M L-STD-271_E _, NAVSH PS 0900- 003- 8000, CI ASS I

CONTRACT NO.  NNS POM 70200- R

Liquid penetrant inspection of weld was found to be acceptable.

B. Dyer
QA PT- PENETRANT INSPECTOR  R. Bell

123



Cabie “Robin” New York

I I “ ) l ‘ I . SHITPYARDSE CORPORARTION
Sastite Diuisica: 1801 16th Avanua KW, Sasttis Washinsinn 98124 « £23-1618 {206 REPOOT NO. 7043 :
) DATE 5/6/83

IADIOGRAPHIC INSPECTION REPORT-WELDMENTS.. CONTRACT MO wnc pow_o0o00-n  HULL x/a
0B NAME  T™wpS No. B . 74 JOB NO. 4787. ITEM NO. 101.00 PABE 1 of 1
IESCRIPTION MARAD PLATE GMAW SHORT ARC PROCESS MAT'L Aluminum .100 QUANTITY 1
ISS NO. WQ-001-A QUALITY LEVEL: 2-2T[X 2-4T[J--% RT: 100% X 50%3 10% 0 sPoT]

g ;m: < E= &: %]?—"g'i'—" _ mspﬂs"m"* ’dlﬂl;lcg;rnnczfungn ngg_nn "3 1

= A | ol o= = ﬁl— NMATUIIN O VIVUUTUUY UU Yy t————
s—éuz 1119 EE—IGEQ;:E‘:E uini g El

HEERE HHE S S HEEHE R EIE REMARKS

<4120} ,100=| 0=1 0 111 QVHD X Prior to removal of weld rein-

forcement
(H1]1]3

ACCEPTABLE RADIATION SOURCE:

BORDERLINE X-RAY: KV 70 _ma_2 PREPARED BY_T. Moore

EXCESSIVE R192: CURIES ™A =~ D (e

SINGLE FILM [ NO.OF | FILM SIZE AND QUANTITY APPROVED BY__/ X . 7 Jece X1//

BOTH O 1 2

RADIOGRAPHER(S) T. Moore i

QA-RT-2

R ——- e o S————————- . —— 124 . - — n— - —— e




TEST SERIES NO.___C.60

PAGIEIC SHIPYARDS CORPORATION
N - - — PROCEDURE NO.
3 PROCESS W
SEATTLE DIVISION CONTRACT FARAT ET7

WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 12/1/83

OPERATING PARAMETERS:

e WELDING POS,VERTICAL-UP NO. PASSES__1
PREHEAT 60 MIN INTERPASS TEMP. _ NA
= I = CURRENT CHARAC. D.C. R.P.
CURRENT RANGE 70
QUALIFICATION JOINT VOLTAGE RANGE_17
MATERIALS: :
BASE SPEC.  QQ-A-250/6 : WIRE FEED IPM_225
5083 H323
MATL. THICKNESS__ .125" SHIELD FLOW _ 40 CFH
FILLER SPEC._ AWS_A5.10-80 TRAVEL SPEED_ 12.8 IPM
ER 5556
FILLER DIA, 3/64" MAX. HEAT INPUT J/IN__ NA
SHIELDING GAS__ 75%HE/25%AR HEAT TREAT NA
FLUX AND SIZE NA
EQUIPMENT :
POWER SUPPLY ATRCO PA 350
TORCH OR HOLDER TYPE_ BINZEL OTHER

CUP TYPE & SIZE __METALLIC 3/4"
ELECTRODE TYPE & SIZE_NA

NDT TESTS: RESULTS:
Visual - No visible defects

Cdyrs, [ der_Jur Cxdrr Mt

P.T. Acceptable -~ Report # 1617 attached

DT _TESTS: PLATE OR SPEC. SER. NO.

RST Sat. Report # E28426-10
HRDNS
CHARPY i
SIDE BEND

ROOT BEND  Sat. Report J E28426—
FACE BEND . Report { E28426—
FILLET BEND
FILLET BREAK
TRANS, SHEAR -
LONG SHEAR
EXPL.BULGE
OTHER

R.T. Acceptable - Report # 7043 attached

CETTT T Pl 41 B

REMARKS:

AW

3.5, mrree {\ NS A 10879 J. JOHNSTON
WELD OPR. ) CLOCK NO. TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE -
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.
%ngNG ENGINEERQA%B-

DATE
wFENNz




TODD SH PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE, 5-10- 83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPORT NO 1617

DYE PENETRANT NONDESTRUCTI VE TEST REPCRT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS
FOR TWS No. C . 60 MATERI AL: Al umi num
PENETRANT EQUI P. DUBL- CHEK; VI SIBLE RreD PENETRANT TIME: 15-20 nin.
REPORTS TO Distribution DEVELOPMENT TIME @ 7-30 nmin.
PER SPEC. M L-STD-271_E__, NAVSH PS 0900- 003- 8000, CLASS |
CONTRACT NO.  NNS POM 70200-R
Liquid penetrant inspection of weld was found to be acceptable.
B. Dyer {,7.

QA PT. PENETRANT INSPECTOR __ R. Bell W lemumer

126



Gabie “Robin” New York

I I 'OD SEIPYARDS CORFPORATION -

Sesttie Divisienc 1801 16th Avers, S.W. Sasttle, Washington 983124 « 623-1638 (206) REPORT NO. 7045
DATE
IADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO. NNS POM 70200-R _ HULL N/A
0B NAME _ TwpS No. C . 60 J0B NO. %787.  ITEM NO. 101.00 PAGE 1 of 1
JESCRIPTION _MARAD PLATE GMAW_SHORT ARC PROCESS MAT'L Aluminum .125 QUANTITY 1
1SS NO. WQ-001-A QUALITY LEVEL: 2-2T[X] 2-4T(J--% RT: 100%3® 50%0 18%0 spoT ]
=1_ p : = MIL- S1D-211E (X
o Zle_|= 11 g,ﬁg:‘j —- DISPOSITION _| XAVSHIPS 0300-003-3000,0LASS L
SIEE2)8 v |3|2|2EEEEx 2 E |2 5|5 [mek o t 0 S 80
HHEEEE S5 3BESS S| als |2 0N 18w '
SIS |EER S2|==L=2|S|S|218] c .02 REMARKS
=4120] .129-{ 0-1 foj1]1 1/ 1] *|VERT UP | X Prior to removal of weld reip-
forcement
*Spatter

CODE

ACCEPTABLE RADIATION SOURCE:

BORDERLINE X-RAY: KV 70/ mA 2 PREPARED BY __T. Moore

EXCESSIVE IR-192: CURIES /A | - N
SINGLE FILM X1 NO.OF |__FILM SIZE AND QUANTITY APPROVED BY 2 4@:&( S
MULTIFILY 3 VIEWS |415x17 |41x10 ACCEPTED BY

BOTH O 1 2

RADIOGRAPHER(S] _T. Moore

8A-RT-2

— i o e e e rr— o i 127 N - —- - - ——— ——— - —



PAGIEIC SHIPYARDS CORPORATION TEST SERIES NO.  C.63
- g - PROCEDURE NO.

SEATTLE DIVISION CONTRACT TG,

WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE
OPERATING PARAMETERS:
/—-H—~ WELDING POS._ VERTICAL-UPNO. PASSES___ 1
PREHEAT_60°MIN_ INTERPASS TEMP.___NA _
= T = CURRENT CHARAC._ D.C. R.P,
CURRENT RANGE 70
QUALIFICATION JOINT VOLTAGE RANGE_17
MATERIALS:
BASE SPEC.____QQ-A-250/6 : WIRE FEED IPM_240
5083 H-323
MATL. THICKNESS_ 125" SHIELD FLOW___ 40 C¥H
FILLER SPEC._ AWS AS5.10-80 TRAVEL SPEED__ 14.1 JIPM
ER 5356
FILLER DIA.___3/64" MAX. HEAT INPUT J/IN_NA
SHIELDING GAS__75%HE/25%AR. H HEAT TREAT NA
FLUX AND SIZE_ja
EQUIPMENT :
POWER SUPPLY_ATRCO PA 350
TORCH OR HOLDER TYPE__RINZFEI. OTHER

CUP TYPE & SIZE METALLY "
ELECTRODE TYPE & SIZE_ ya

NDT TESTS: RESULTS:
Visual -~ No visible defects

vyrs, et JurCxdrr T e

P.T. Acceptable — Report {# 1618 attached

DT _TESTS: PLATE OR SPEC. SER. NO. I
i - t
z RST Sat. Revort # E28426-11 R.T. Acceptable — Report # 7044 attached
|| HRDNS
CHARPY
| stoE BEND

ot

X |ROOT BEND  Sar, Reporr # E28426-11

X | FACE BEND  Sar, Report # E28426-11
FILLET BEND

FILLET BREAK
q TRANS ., SHEAR

LONG SHEAR
| EXPL.BULGE
] OTHER

—

REMARKS

3.5, mrree | M At A 10879 J . JOHNSTON
WELD OPR. ) CLOCK NO. TEST BY QUAL. RANGE

\L

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW,
%%LD ING ENGINEER ; DATE

P T



TODD SHI PYARDS CORPORATI ON .
SEATTLE DI'VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-10- 83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPORT NO__1618

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS No. C . 63 MATERI AL: Al mi num

PENETRANT EQUI P. DUBL- CHEK; VI SIBLE Rep PENETRANT TI ME: 15-20 nmin.

REPORTS TG Distribution DEVELOPMENT Tl ME: 7-30 mn.

PER SPEC. M L-STD-271_E __, NAVSH PS 0900-003- 8000, CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

Dyer

B.
Q- PT- PENETRANT INSPECTOR R: Bell

120



Cable “Robin™ New York

TU.L.)J__) SHIFYARDS CORPORATION -

Seattia Divisien 1301 16th Avenus, SW.  Sesttis, Washington 98124 « §23-163S (206 REPORT No. 704+
DATE

IADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT N0.NNS POM-70200-R  HULL “N/A
0B NAME _TwpS No, C . 63 108 RO. 4787. iTEM N0. 101.00 PABE 1 of1
|_§_§[:R|P'|'|0H MARAD PLATE GMAW SHORT ARC PROEESS MAT'L Aluminum .125 QUAHTITY 1
1SS NO.wo-001-A QUALITY LEVEL: 2-2TxJ 2-4TJ--% RT: 100%™ 50%3 10%3 SPoTC]
A x| S SPOSITION _ | XAVSHiPs -0900-004-9000,cLASs 2
w | 30 ad -

£Elggls =E|225E | 5| o |, |ABS CLASS A [ class BT
=S558 vev |S|S|2BEESIS|SIS (S| jowr | S| S |OTHER:

= |Gl =la s = =aERE IS RS C.63 |=|= REMARKS
4130 125/ -1 0-1 o011 11 1i JVERT UP | X Prior to removal of weld rein-

forcement
CODE B

ACCEPTABLE RADIATION SOURCE:

BORDERLINE X-RAY: KV 20 mA —2. PREPARED BY__T. Moore

. EXCESSIVE IR-192: CURIES _N/A — ) f //4 7‘“—‘;@,
SINGLE FILM (] NO.OF |_FILM SIZE AND QUANTITY APPROVED BY /S Lecg U
MULTIFILM 3 VIEWS [41,x17 |415>10 ACCEPTED BY_

BOTH O 1 2

RADBIOGRAPHER(S) _ Moore/Krofta
QA-RT-2




PACIEIC BHIPVARDS CORPORATION]
. _d | . | 4

SEATTLE DIVISION

L= M TALS A/ IR ALIAL TETAATTOAN T 1

LU Ll rl\UbE.U\JISR \{UI"\I-LI AWMl LN TE:-)‘ S\

XN

TEST SERIES NO. C.30

PROCEDURE NO.

PROCESS GMAW

CONTRACT MARAD SP—7
MI\DV‘ MATE anlyT lon

1o o ¥ = .LéLJ.I oJ

OPERATING PARAMETERS:

I WELDING POS. HORIZONTAL _ NO. PASSES_ 1
= i — PREHEAT__60__MIN __ INTERPASS TEMP.NA
= | = CURRENT CHARAC. D.C. R.P.
CURRENT RANGE__85
QUALIFICATION JOINT VOLTAGE RANGE_19.5 .
MATERIALS:
BASE SPEC. _ QQ-A-250/6 WIRE FEED IPM_245
5083  H-323
MATL. THICKNESS,125" SHIELD FLOW___ 4 CFH
FTILLER SPEC._AWS A5.10-80 TRAVEL SPEED__15 IZM
ER 5556
FILLER DIA.__3/64" MAX. HEAT INPUT J/IN_NA
SHIELDING GAS_75%HE/25%ZAR HEAT TREAT___NA
FLUX AND SIZE_NA
EQUIPMENT :
POWER SUPPLY__ATRCO PA 350
TORCH OR HOLDER TYPE__BINZEL OTHER
CUP TYPE & SIZE METALLIC3/4"
ELECTRODE TYPE & SIZE _NA
NDT_TESTS: RESULTS:
Visual - No visible defects
Lx Jvis. Lxderl_durlx trrL__ImT
P.T. Acceptable — Report # 1615 attached
DT_TESTS: PLA SPEC. SER. NO.
X 1RST Sat. Report ff E28426-8 R.T. Acceptable -~ Report # 7046 attached
1 rRons
|| CHARPY t
| SIDE BEND I
v |IROOT BEND  Sat. Report # E28426-8
y | FACE BEND Sat. Report # E28426-8
|| FILLET BEND
| FILLET BREAK
|| TRANS. SHEAR =
| LONG SHEAR
|| EXPL.BULGE
|} OTHER
REMARKS: _ L _
T 71—
J.H. HITCH | N N LA 10879 J.C. JOHNSTON
WELD OPR. / CLOCK NO. TEST BY QUAL. RANGE

L

q

THIS CERTIFIES THAT THE DATA HEREIN

IS COMPLETE AND ACCURATE TO REST PQSSIRLE KNOWLEDGE

e e 5% VA TS Garie e N

AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.

ﬂd nmﬂ%——




TODD SHI PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-10- 83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPCRT NOQ. 1615

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS No. C . 30 MATERI AL: Al umi num
PENETRANT EQUI P. DUBL- CHEK; VI SIBLE reD PENETRANT TIME: 15.20 min
REPORTS TO Distribution DEVELOPMENT  TI ME: 7-30 min.

PER SPEC. M L-STD-271_E__, NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS POM 70200- R

Liquid penetrant inspection of weld was found to be acceptable.

!
M
J

B. Dyer
QA- PT- PENETRANT INSPECTOR _ R. Bell




Cable “Robin” New York
rI '( , I ’ ! , SHIPTARDS CORPORATION -
mmmx 16th Avenue, SW.  Sesttle, Weshington 96124 « 623-1635 (208) REPORT NO. 7046
DATE
IADIOGRAPHIC INSPECTION REPORT-WELDMENTS.-- : CONTRACT NO.NNS_POM-70200-R HuuN7—"'"
88 RAME Twps No, C . 30 j08 NO.4787 . ITEM HO.101.00 PAGE 1 1
JESCRIPTION MARAD PLATE GMAW SHORT ARC PROCESS MAT'LAluminum .125 QUANTITY 1
ISS NO. wQR-001-4 QUALITY LEVEL: 2-2TX] 2-4TLJ % RT: 100% % & 50%00 10%03 seoT
Zlz = s |pfeS DISPOSITION :'AlV-S;IT:S,;;UFﬂ i 9000,CLASS X
i | g lon x (i
=lEs|azg|e fE%le | 18] — ABS CLASS A [ £LASS B[O
~I=[EEIS HEHE S SR a5 Ml
x|S|EZ|S| Y |S|S|35EE5 3|S5 |8 o |B| g ——
e [ = T jem Q| O] = st (D | 2D N |2 (,.j() - | &2 RCMANRD
-4 125 ={ O=1 011 111 HORIZ X Prior to removal of weld rein-
forcement _
CODE B —

ACCEPTABLE RADIATION SOURCE:
BORDERLINE X-RAY: KY 20 mA 2 PREPARED BY___T. Moore
EXCESSIVE IR-192: CURIES N/A B /( o
SINGLE FILM ] NO.OF |__FILM SIZE AND QUANTITY APPROVED BY /S == L’
WULTIFILW 3 VIEWS [410%17 [415%10 ACCEPTED BY
BOTH O 1 2

RADIOSRAPHER(S] _T. Moore
UA-RT-2




PACIEIC SHIPYARDS CORPORATION TEST. SERIES NO.  C.46
- - - PROCEDURE NO.

SEATTLE DBIVISION CONTRACT RS ST

WELDING PROCEDURE. QUALIFICATION TEST SUMYARY | DATE 12/1/83
P OPERATING PARAMETERS:
- WELDING POS. OVERH.EAD NO. PASSES 1
PREHEAT. 60°MIN __ INTERPASS TEMP._ NA
"% CURRENT CHARAC.__ D.C. R.P.
I = CURRENT RANGE__105
QUALIFICATION JOINT VOLTAGE RANGE_ 15
MATERIALS: .
BASE SPEC. QQ-A~250/6 i WIRE FEED IPM_280
5083 H=-323
MATL. THICKNESS_.125" SHIELD FLWMH
FILLER SPEC._AWS S _A5,.10-80 TRAVEL SPEED IPH.
ER 5356

CTIt ED NTA 3/54" MAY LEAT TANDIIT .I/TN s
Al Wif\e S YAY TV wye Lleitl AW W1 W alvn el
SHIELDING GAS 75/EIE/25%AR HEAT TREAT, MA
Fl 'le rA‘klh CT7= \TA :
EQUIPMENT:
POWER SUPPLY ATRCO
TORCH OR HOLDER TYPE_BINZEL OTHER

CUP TYPE & SIZEMETALLIC 3/4"

ELECTRODE TYPE & SIZE NA

NDT TESTS: RESULTS:

T4 osesnl — W
(x Jyrs, Lx el _JurlZ JIRTL__IMT _

o
=
2

: PLATE OR_SPEC. SER. NO.

RST Sat. Report # E28426-9 A St .

HRONS

CHARPY

SIDE BEND

ROOT BEND  Sar, Reporr 7 E28426-9

FACE BEND Sat, Report # E28426-9

[ = S — T X 0 -~ et
ikl OLNW

FILLET BREAK

TRANC CLIEAD

LIV M Xd ¢ Wil Ui U

LONG SHEAR

EXPL . BULGE

LITTTT Rl 1T I

OTHER

A

s f {1 1§

s.u. mrrer | JILf K 10879 J. JOHNSTON

Wt N NDD /1 1 OCY AN TECT BY ALIAL DANAE
Tiinknds Wi iNe { Vi WwiN IV e ot Wi WM e NUNTLC
v

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED
BELOW.

) /YN,

|.I=5h?klf‘ A /S TA LT 7 —~ A a——



TODD SH PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-10- 83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPORT NO

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

1616

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS. C. 46 MATERI AL: Al um num
PENETRANT EQUI P. DUBL- CHEK; VI SIBLE RED PENETRANT Tl ME; 15-20mi n.
REPORTS TO. Distribution DEVELOPMENT TIME 7-30 mn.

PER SPEC. M L-STD-271_E __, NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

B. D
QA PT. PENETRANT INSPECTOR R. Bell

12K



Cable "Robin™ New York
- I lOD SHIPYARDS CORPORATION -
Sesttte Divisiem 1301 16th Avenus, SW.  Sesttie, Washington 9812¢ « 623-1635 (208 REPORT NO. 7047
. DATE
YADIOGRAPHIC INSPECTION REPORT-WELDMENTS.- CONTRACT NO.NNS POM-70200-R _ HULL /A
0B_NAME__TWPS No. C.46 J0B NO. 4787 . ITEM N0.101.00 PAGE 1 of 1
JESCRIPTION MARAD PLATE GMAW SHORT ARC PROCESS MAT'LAluminum .125  QUANTITY 1
1SS NO. WQ ~001-A QUALITY LEVEL: 2-2T00 2-4TJ--% RT: 100% X 50%0 10%0 spotJ
= | — s . = MIL- STD-2711E (X
28l | g lggsE | |- DSPOSTION | NAVSHIPS 0900-003-9000,6LASS —1
s pré Y S il =
CIEIEEE v |3|2|2EE5E (2|2 s % |5 [omeee - O CLASS 8O0
=I=S|S213 s 2 S SESS| S Sl ONT |Hia :
= |SE=S S| =EL=SS | S| R|S|c. 45 |22 REMARKS
-4 120} ,.355(-] 0O-1 {0 |1 11 111 OVHD X Prior to removal of weld rein-
forcement

CODE

ACCEPTABLE RADIATION SOURCE:

BORDERLINE X-RAY: KY 20 mA__2 PREPARED BY T. Moore )
EXCESSIVE IR-192: CURIES /A ~ 5. 47
SINGLE FILM KT NO.OF |__FILM SIZE AND QUANTITY APPROVED BY _— - £ == =
MULTIFILM [ VIEWS 41417 [414x10 ACCEPTED BY

BOTH O 1] 2

RADIOGRAPHER(S) _T. Moore
0A-RT-2

e 1A . - - .= - -



[PACIFIC SHIPYARDS CORPORATION] R TEST SERIES NO._D-8
n. PROCEDURE NO.

SEATTLE DBIVISION CNTRACT  SARIEEEY

WELDING PROCEDURE. QUALIFICATION TEST SUMMYARY DATE 12/1/83
OPERATING PARAMETERS:
TR i' WELDING POS,VERTICAL-UP_NO. PASSES__ 1
= .QS'O PREMEAT 60  MIN.  INTERPASS TEMP.  NA
= .ma CURRENT CHARAC. DC RP
T‘ CURRENT RANGE 150
. LIFI%TIW JOINT VOLTAGE RANGE 16
MATERIALS:
BASE SPEC._0Q-A-250/19 WIRE FEED IPM 362
5086 H116
MATL. THICKNESS .250" SHIELD FLOW_ 4g _ CFH
FILLER SPEC.__AWS A5.10-80 TRAVEL SPEED 11.5 TPM
ER_5556
FILLER DIA. 3/64" MAX. HEAT INPUT J/IN__NA
SHIELDING GAS__75% HE/25% AR HEAT TREAT__NA
FLUX AND SIZE _ NA
EQUIPMENT :
POWER SUPPLY ATRCO PULSE ARC 350
TORCH OR HOLDER TYPE __ RINZEL OTHER _NA

CUP TYPE & SIZE METALLIG 3/4"
ELECTRODE TYPE & SIZE__NA

NDT TESTS: RESULTS:
Visual - No visible defects
[x Jyrs. ix derl_Jurlx trTL__IMrT

DT TESTS: PLATE OR SPEC. SER. NO.
RST Sat. Report # E28426-12 R.T. Acceptable = Report # 085 attached
HRDNS

CHARPY

SIDE BEND

ROOT BEND Sat. Report # E28426-12
FACE BEND Sat. Report # E28426-12
FILLET BEND

FILLET BREAK

TRANS .SHEAR

LONG SHEAR

EXPL.BULGE

OTHER

P, T, Acceptable — Renort # 1621 attached

LITTT T bl 11 bl

REMARKS

s mrra | BT, 10879 J.C.JORNSTON
WELD OFR. ' CLOCK NO. TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.
%LDING ENGINEE% DATE




TODD SHIPYARDS "CORPORATION
SEATTLE DIVISION
QUALITY ASSURANCE DEPARTMENT

DATE 5-19-83

TODD ORDER MO. 4787 . ITEM MO. 101.00 REPORT NO.__ 1621

DYE PENETRANT NONDESTRUCTIVE TEST REPORT

JOB DESCRIPTION
MARAD PIATE GMAW SHORT ARC PRQCESS

FOR: TwPS No. D . 8 MATERIAL: Aluminum

PENETRANT EQUIP. DUBL-CHEK; VISIBLE RED PENETRANT TIME: 15-20 min.

'REPORTS TO: Distributicn DEVELOPMENT TIME: 7-30 min.

-

PER SPEC: MIL-STD-271_E , NAVSHIPS 0900-003-8000, CLASS_ I

CONTRACT NO. NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

B. Dyer
PENETRANT INSPECTOR R. Bell

QA-PT-

112K



Cabie “Robia” New York
' I lOD SEIFPTZARDS CORPORATION
Seattte Divisiens 1301 16th Avenus, SW.  Sestils, Weshington 98124 + 623-1635 (206) REPORT NO. S
DATES /<> 3
RADIOGRAPHIC INSPECTION REPORT-WELDMENTS.-- CONTRACT NO. HULL
0B NAME 7.~ 5 J0B NO. </ 2L ITEM K00 /2> OPABE _/  of
YESCRIPTION 22 2A4 ) e T —om s’ « it RTAARL MAT'L %< - /‘/ ﬂUAHTITY /

RSS NO. /-0 o2/ & QUALITY LEVEL: 2-2T[] 2-4T[J--% RT: 100% K 50%01 10%03 sPoTd

= = - = MIL- STD-271E
=2l _[F =, |glESE _ JisPosTTION mrsggg 0900-003-8000,CLASS —<
= |49 ol S |l =
HEEEE VIEW 32335&%52"&‘: oIt | 5 | S [OTHER: A0 ouss B0
1R EEE HHEHEE SR EEHE o | 2
=& |E=S S|Z|==a=DIS |53 [S|F 6 == REMARKS
AL AN ARV (il X
CODE
. ACCEPTABLE RADIATION SOU
. BORDERLINE X-RAY: KV /’& = PREPARED BY ,
. EXCESSIVE IR-192: CURIES / JO/
SINGLE FILM [ NO.OF | FILM SIZE AND QUANTITY APPROVED BY
MULTIFILM [ VIEWS {4117 |415x10 ACCEPTED BY
BOTH O ) | =

RADIOGRAPHER(S) (VTooR & / KR oETA
GA-RT-2

120



PAGIEIE H}UR@S@RPATB@N TEST SERIES NO.  D-10
. _d |

PROCEDURE NO.
I~/ N MO0 MmENE PROCESS GMAW
SEATTLE DiVIiSION CONTRACT MARAD SP—7
WELDING PROCEDURE QUALIFICATION TEST SUMMARY DATE 12/1/83
OPERATING PARAMETERS:
WELDING POS, HORIZONTAL MO, PASSES 1
% PREHEAT 60  MIN.  INTERPASS TEMP. NA
-350 g >\'f Z,080 0051 CURRENT CHARAC. DC RP
, CURRENT RANG 149
’gR/ q. E
QUALIFICATION JOINT VOLTAGE RANGE 14.5
MATERIALS:
BASE SPEC._QQ-A-250/19 ) WIRE FEED IPM 327
5086 H-116 —
MATL. THICKNESS 250" SHIELD FLOW 100 CFH:
FILLER SPEC._AWS A5.10-80 TRAVEL SPEED 8,4 IPM
ER 5556
FILLER DIA._3/64" MAX. HEAT INPUT J/IN __ NA
SHIELDING GAS__HELIUM 100% HEAT TREAT_____ NA.
FLUX AND STZE NA
EQUIPMENT:
POWER SUPPLY__ ATRCO PULSE ARC 350
TORCH OR HOLDER TYPE___ BINZEL OTHER NA

CUP TYPE & SIZE  METALI r(' VARl

LN A T

l:J..ZbINUUI: IR & Jl4iC NA

NDT TESTS: - RESULTS:

Visual - No visible defects

1 1

x_Jyrs. LXIPTL__JUTLX JRT L_JMT

P.T. Acceptable - Report # 1649 attached

DT TESTS: PLATE OR SPEC. SER. NO.
.T. - } h
E RST Sat. Report f# E28635-3 R.T. Acceptable - Report # 7106 attached
| | HRDNS :
|| CHARPY e
|| SIDE BEND
| X|ROOT BEND Sat. Report ff E28635-3
__}_(_1 FACE BEND sat, Report # E28635-3
| | FILLET BEND
|| FTLLET BREAK
__J TRANS.SHEAR -~
|| LONG SHEAR :
|| EXPL..BULGE
|} OTHER
REMARKS:
T
7
JON H. HITCH \H N 71A_10879 JAMES C. JOHNSTON
WELD OPR. CLOCK NO. TEST BY QUAL. RANGE

LW
~

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCLRATE TO BEST POSSIBLE KNOWLEDG

I 0
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS
BELOW.

(_)4, ~_ ‘ﬂ__m”%

ING ENGINEE DATE



TODD SH PYARDS CORPORATI ON
SEATTLE DI'VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 6- 10- 83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPORT NO.

DYE PENETRANT NONDESTRUCTI VE TEST REPCRT

1649

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS No. D - 10 MATERI AL: Al um num

PENETRANT EQUI P. pusL- cvex; VI SIBLE RreD PENETRANT TIME: 15-20 nin.

REPORTS TO Distribution DEVELOPMENT TIME: 7-30 min.

PER SPEC. M L-STD-271_E__, NAVSH PS 0900- 003-8000, CLASS |

CONTRACT NO.  NNS POW0200- R

Liquid penetrant inspection of weld was found to be acceptable

PENETRANT INSPECTOR

B. Dyer
R. Bell

-
1! 'r

&. l‘/

Q- PT-



/

-

of

/

QUANTITY

—

L Ve’

MIL- STD-271-E

ITEM NO. o /OO PABE_ /

Cable “Robin™ New York

[J Cuss 83

" REMARKS

NAVSHIPS 0900-5%-9000.8“88 o

ABS CLASS A
OTHER:

ra

MAT'L

19313y

--% RT: 100% %< 50%0 10% 0 sPoTd

DISPOSITION

14109V

N
-——— 2#

BN, ST

43010

{

EXAELIY

1NJUIaNN

[

¥IVyd

|_31314W0INI
NOILVYLINId
| _31314N00NI

noisnd

1.0

1)

E:

SHOISATINI

ALISO¥0d [~

"d3y 1079140

) LT =K%

o—/10

&5
=

"ON_3IN31ND3S

(S3HINID
SSIHNIINL [

s

(s3uaNjass |

1SS N0. 20~ /-A QUALITY LEVEL: 2-2TRX 2-4TJ

0B NARE__ T/~ 5

IESCRIPTION

(S)3dAL w114 I

IR-192: CURIES =2

NO.OF
VIEWS |416x17 |415x10

RADIATION SOU
X-RAY: KV EC

O
id

ACCEPTABLE

coDE
BORDERLINE

SINGLE FiL J

MULTIFILM

EXCESSIVE
BOTH

0A-RT-2
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TODD SHI PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTNVENT

DATE 5-10- 83

TODD ORDER NO._4787 . | TEM NO. 101. 00 REPORT NO 1608

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWPS no E-7 MATERI AL: Al umi num
PENETRANT EQUI P. DpuBL- cHEK; WISl BLE RED PENETRANT TI ME: 15-20mi n.
REPORTS TO Distribution DEVELOPMENT Tl MVE: 7-30 min.

PER SPEC. M L-STD-271_E__, NAVSH PS 0900- 003- 8000, CLASS |

CONTRACT NO. NNS POM 70200- R

Liquid penetrant inspection of weld was found to be acceptable.

B. Dyer \a\Zas
QP PENETRANT INSPECTOR R. Bell -
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Cabie “Robin” New York

TODD SHTFYARDS CORPORATION

Saettie Divisien 1301 16th Avernae, S.W.

RADIOGRAPHIC INSPECTION REPORT-WELDMENTS--

Seattie, Weshington 98124 -

REPORT NO. 7048
DATE
CONTRACT NO. NNS poM 70200-R  HULL n/a

623-1635 (206

0B NAME TWPS No. E-7 J0B NO. 4787 . ITEM NO. 101.00 PAGE 1 of 1
DESCRIPTION MARAD PLATE GMAW SHORT ARC PROCESS MAT'L Aluminum 250 QUANTITY 1
RSS NO. wWQ-001-A QUALITY LEVEL: 2-2 EI 2-4T[J--% RT: 100% & 50%03 10%03 spo1d

=le 3—-§ &l %‘_:'-‘_EE - ISPOSITION _ | X AVships 0900-003-3000 o.o1Ass 1 _
= |z|LalS =2 2= 2| — ABS CLASS A [ cLASS B[O
=|=|EE(5 v (52|12 2E2215 5|2 |5| owr || F [orHER

(5= — IR EEAERS I Z|IRIS] E~-7 (2|2 REMARKS

=i | 30| .25 [=| O=1 0l1]1 1 1|* |VERT UP | ¥ Prior to removal of weld rein-

forcement
‘Spatter
CODE

. ACCEPTABLE RADIATION SOURCE:

. BORDERLINE X-RAY: KY €0 __ma_2 PREPARE T. Moore

. EXCESSIVE IR-192: CURIES _N/A

et E I M ] — APPROVED BY f@ AQ /iu@&)
SHtdha ikl [A] nu.ur ikt Jibk ANVU UURANIILY

MOLTIFILK [ VIEWS |415>17 [415x10 ACCEPTED BY

BOTH || 1} 2

RADIQGRAPHER(S) _T. Moore/C. Krofta

QA-RT-2

145 -




L y S | Y ___ N - .
PACIFIC SHIPYARDS GORPORATION TEST SERIES NO. E-33
? sl - PROCEDURE NO.
= MmIVvVaE@iEn PROCESS —_GMAW
@\EHU UL‘::IEu WiV iIiQUUIN CONTRACT MARAD SP-7
WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 12/1/83
OPERATING PARAMETERS:
e e | WELDING POS, HORLZONTAL NO. PASSES__ 1
V] K Y PREHEAT__60° MIN. _ INTERPASS TEMP. _ NA
> \:] ¥ 2 350| CURRENT CHARAC. DC_RP
< L T L -080NesS CURRENT RANGE 156
ke 1 _* t
QUALIFICATION JOINT VOLTAGE RANGE_ 14,5
MATERTALS: e
BASE SPEC. QQ-A-250/19 WIRE FEED IPM 343
5456 H116 —
MATL. THICKNESS,.250" SHIELD FLOW__ 100 CFH
FILLER SPEC. AWS A5.10-80 TRAVEL SPEED 8.9 TPM_
SN JJIIU
FILLER DIA._3/64 INCH MAX. HEAT INPUT J/IN_na
SHIELDING GAS 1007 HELIUM HEAT TREAT RA
FLUX AND SIZE____ NA
EQUIPMENT:
POWER SUPPLY_AIRCO PULSE ARC 350
TORCH OR HOLDER TYPEBINZEL OTHER NA
CUP TYPE & SIZE METALLIC3/4"
ELECTRODE TYPE & SIZE __ NA -
NDT_TESTS: RESULTS:
Visual = No visible defects
L s lvrs, L glerl  lurly bl IMT
P.T. Acceptable -~ Report # 1650 attached
DT _TESTS: PLATE OR SPEC. SER. NO.
e R.T. Acceptable - Report # /7109 attached
 X|RST Sat. Report # E28635-2
| _ [ HRDNS —
|| CHARPY
| SIDE BEND —
| x| ROOT BEND Sat. Report # E28635-2
| x| FACE BEND Sat. Report # E28635-2
|| FILLET BEND -
| FTLLET BREAK
|| TRANS,SHEAR =
|| LONG SHEAR
|| EXPL.BULGE
| JOTHER
REMARKS :
Wil
{4 [
Jon H. BrrcH WA ,d/\ 10879 JAMES C. JOHNSTON
WELD OPR. j/ ! CLOCK NO. TEST BY QUAL. RANGE
THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
é&éE 0;.;—*” TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

WELDING ENGINEER DATE

tireA N



TODD SH PYARDS CORPORATI ON
SEATTLE DI'VI SI ON
QUALTY ASSURANCE DEPARTMENT

DATE 6-10-83

TODD ORDER NO._4787 . | TEM NO 101. 00 REPORT NO 1650

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS

FOR TWS NO. E -33 MATERI AL: Al umi num
PENETRANT EQUI P. pusL-cHex; , VI SIBLE RED PENETRANT TIME: 15-20 nin.
REPORTS TO Distribution DEVELOPMENT TIME: 7-30 min.

PER SPEC. M L-STD-271_E , NAVSH PS 0900-003-8000, CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to.be acceptable.

B. Dyer T.‘-‘?
QA- PT PENETRANT INSPECTOR R. Bell w3
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Cable “Rodin” New York

FTUIZ7NT YT cormon .
I ‘ , I ’ sms CORPORATION
Seettte Divisiont 1201 16th Avenus, SW.  Seattla, Weshington 98124 «  623-1635 (2089 REPORT NO. 0.9 &
DATE =
RADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- GUNTRACT NO. HULL £z~
0B NAME 77/~ 5 , 10B N0. &~ 27 ITEM KD. /2 /20 PAGE ,  of
DESCRIPTION LT — 2R pd MAT'L 22 77 QUANTITY -
2SS D //}/9-/)/3/ P QUALITY LEVEL: 2.2TDX 2.4T[7..% BT: 1 00% &1 50% 3 1000 sp 81
al= |2 ol | b pisposiTioN  [MIL STD-2TT-E B
ad —_ = o=
FEEH . SIEIEEEE. _|5ls| = [ |ABS LSS A cuass B0
= |EISS(D] VW |s|SScusES oSS |G JoNT | S
HBEEE HEHE R EHEHEE A RIEE REMARKS
ol 1571007 T X
038E
- ACCEPTABLE RADIATION SOURGE: oz
. BORDERLINE X-RAT: KV 2 mA_=— PREPARED BY o
. EXCESSIVE IR-182: CURIES el L2 ., (%
SINGLE FILM [ NO.OF |__FILW SIZE AND QUARTITY | APPROVED BY_T -y %=X N7/
MULTIFILM [ VIEWS [21217 [414%10 ACCEPTED BY
BOTH O ) >
sisierarheRs) {VIoorE 7 FRoET A
0A-RT-2

120



E%@ﬂ[?l]@ QMHPVAR@S @@RP@@ATH@N TEST SERIES NO.___ F-3
- PROCEDURE NO.

— n re A /AANSNAR PROCESS QM_AW
SEATTLE DIVISION CONTRACT MARAD SP—7
WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 12/1/83

OPERATING PARAMETERS:
; g WELDING POS, VERTICAL-UP NO, PASSES 1
], Kao' / N PREHEAT 60° MIN. INTERPASS TEMP.__ NA
CURRENT CHARAC, _ DC RP
'3-50 § Jg“—-—*,/—-*—f,oao CURRENT RANGE_130
QUALIFICATION -JOINT VOLTAGE RANGE_ 15.7
MATERIALS: o
BASE SPEC.__0Q-A-250/6 WIRE FEED IPM_ 330
5083 H-321
MATL. THICKNESS 250" SHIELD FLOW___ 40 CFE
FILLER SPEC._ AWS A5.10-80 | TRAVEL SPEED__ 12 IPM
ER 5556 "
FILLER DIA.__ 3/64" MAX. HEAT INPUT J/IN
SHIELDING GAS_75% BE/25% AR HEAT TREAT _ Na
FLUX AND SIZE_NA
EQUIPMENT: .
POWER SUPPLY _ATRCO PULSE ARC 350
TORCH OR HOLDER TYPE_BINZEL OTHER_NA

CUP TYPE & SIZE METALLIC 3/4%

-

ELECTRODE TYPE & D.LL!'. NA

NDT_TESTS: RESULTS:
. : ] . pe—— . . X Visual - No visible defects
LXIyrs, LXIPT L _JUuT LX_JIRT L_IMT
Jﬂ P.T. Acceptable — Report # 1622 attached
DT _TESTS: PLATE OR SPEC. SER. NO.
z RST Sat. Report # E28426-14 R.T. Acceptable - Report # 7087 attached
[ HRDNS
|1 CHARPY
| SIDE BEND
| X]ROOT BEND _Sat. Report # E28426-14
| X| FACE BEND Sat. Report # E28426-14
| |FILLET BEND ___ .
|| FILLET BREAK
|| TRANS,SHEAR -
|| LONG SHEAR i
EXPL.BULGE
—
| ] OTHER
REMARKS:
2 AN A
J.H. HITCH HJN. 10879 J.C. JOHNSTON
WELD OPR. K CLOCK NO. TEST BY QUAL. RANGE
THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TQ REST PQOSSIR KNOWLEDGE

=== LR iy = St N—— - = Vo s N e vvv..u TN VN Y s e VT e

AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED
BELOWg

ﬂn _ nﬂﬂczz>.-—

;ZLDING ENGINEE? DATE




TODD SH PYARDS CORPORATI ON
SEATTLE DI VI SI ON
QUALI TY ASSURANCE DEPARTMENT

DATE 5-19-83

TODD ORDER NO__4787 | TEM NO. 101. 00 REPORT NO. 1622

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS
FOR TWS No. F. 3 MATERI AL: Al um num
PENETRANT EQUI P. DUBL- CHEK; VI SIBLE rep PENETRANT TIME: 15-20 min.
REPORTS TO. Distribution DEVELOPMENT TIME: 7-30 nin.
PER SPECC ML-STD-271 E , NAVSH PS 0900-003-8000, _CLASS |
CONTRACT NO.  NNW POM 70200- R
Liquid penetrant inspection of weld was found to be acceptable.
B. Dyer

QA-PT- PENETRANT INSPECTOR R. Bell

150
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[ ] . |___ N .
PACIFIC SHIPYARDS GCORPORATION
e [__d | _d

TEST SERIES NO. F-13
PROCEDURE NO.
e NN AN N "PROCESS GMAW
SEATTLE DIVISION CONTRACT MARAD 577
WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 12/1/83
R .
| \,(,l —_— OPERATING PARAMETERS:
v \'o! £ A WELDING POS. HORIZ NO. PASSES -
y % 03 . CURRENT RANGE__ 145
&R L
QUALIFICATION JOINT VOLTAGE RANGE 14,5
MATERTALS:
BASE SPEC. QQ-A-250/6 WIRE FEED IPM_ 333
5083 H321
MATL. THICKNESS _.250" SHIELD FLOW 100 CFH
FILLER SPEC. AWS A5.10-80 TRAVEL SPEED___ 10,2 IPM
ER 5556
FILLER DIA,___ 3/64" MAX. HEAT INPUT J/IN _ na
SHIELDING GAS HELIUM 100% HEAT TREAT NA
FLUX AND SIZE_NA |
EQUIPMENT: i
POWER SUPPLY ATRCO PA 350
TORCH OR HOLDER TYT‘E BINZEL OTHER ___NA
CUP TYPE & SIZE METALLIC 3/4"
ELECTRODE TYPE & SIZE _ NA
NDT TESTS: | RESULTS:
. v . ; . YVisual - No visible defects
xJvrs. Lx detd | UT Lx IRT | MT
P.T. Acceptable — Report # 1648 attached
DT TESTS: PLATE OR SPEC. SER. NO.
"3l RST Sat. Report # E28635-1 BR.T. Acceptable — Report # 7111 attached
| HRONS
|| CHARPY
|| SIDE BEND
| x| ROOT BEND  Sat, Report # E28635-1
| x| FACE BEND  Sat, Report # E28635-1
|| FILLET BEND :
|| FILLET BREAK
| | TRANS,SHEAR =
| _| LONG SHEAR
|| EXPL..BULGE
| OTHER —
REMARKS:
———
JON H. HITCH 7 o Y PV
JON H. ;\ /‘HUA 106/9 JAMES C. JOHNSTON
WELD OPR. r7‘ CLOCK NO. TEST BY QUAL. RANGE
/

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.

WELDING ENGINEER



TODD SH PYARDS CORPORATI ON
SEATTLE DIVISION
QUALI TY ASSURANCE DEPARTMENT

DATE 6- 10- 83

REPORT NO._1648

TCODD ORDER NQ__4787 . ITEM MNo. 101. 00

DYE PENETRANT NONDESTRUCTI VE TEST REPORT

JOB DESCRI PTI ON
MARAD PLATE GVAW SHORT ARC PROCESS
MATERI AL: Al um num

PENETRANT TIME: 15-20 min.
DEVELOPMENT TIME:  7-30 min.

FOR TWPS n. F -13
PENETRANT EQUI P. DUBL- CHEK; VI SI BLE RED

REPORTS TO Distribution

PER SPEC: M L-STD-271 _E. NAVSH PS 0900-003-8000 CLASS |

CONTRACT NO.  NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable

]
i

™ i
oy |
.
4 .

) v
[ R

B. Dyer
PENETRANT INSPECTOR R. Bell

QA-PT.



TODID

Sasttie Divisiem 1301 16th Avenus, S.W.

Cable “Robin™ New York

SEHIFZARDS CORPORATION -
Seattls, Washington 98124 + 623-1638 (209 REPORT NO. 2/ /
| AL

RATE

IADIOGRAPHIC INSPECTION REPORT-WELDMENTS.- CONTRACT NO. HULL 47
AR MAME —7 /0% NR NN // 20" ITCM MO /5 7~ o~ BAAE 7 o
UV NV =7 Jr7 LM NNy~ /<~ (7 TRAL /7 ;1]

\ESCRIPTIOR 22D LT = Mﬂ/ﬂ/%

MAT'LZ~ /72777 QUANTITY J

1SS NO. 220~/  QUALITY LEVEL: 22T 2-4TJ--% RT: 100% (X 50%00 10%00 spoT3]

muULIIFILA

BOTH O

Mint TIENNW )
d

RADIOGRAPHER(S] /) V?U 0r e/ DET A

@A-RT-2

) P = R, DISPOSITION :'l-sm 211E £
| B |- 5l |gESE AVSHIPS 0900-803-3000,CLASS — 2
SR :%;Egzzxggu o | [ABS CLASS A7 cuass B
x(SIZEE| v |S|S|2ISEESS|E|S|S| ot |58 [UHER:
8 A e P 3;’-‘!..2&.3%3'5/—,/3 B REMARKS
7277 1o =710 |1 77 )=

CODE
. ACCEPTABLE RADIATION SOURCE: _ — L=
. BORDERLINE LRAY: KV =5 mA PREPARED BY
. EXCESSIVE IR-192; CURIES L2 (2
SINGLE FILM 53 NO.OF | FILM SIZE AND QUANTITY APPROYED BY : '\‘\")

viEwWC

2170047 {21740
LN |8

HWX1i [#%%10

ACCEPTED BY

Z— 1.




MECHANI ZED PULSE ARC VELDI NG :
FLAT POSI TI ON

5083 H 321 ALUM NUM ALLOY PLATE: .500 I NCH THI CKNESS
ER 5356 ALUM NUM ALLOY FILLER WRE; M LLER PULSTAR 450

Mechani zed flat position, one-side, full penetration gas netal arc

butt welding of .500 inch thick 5083 H 321, QQ A-250/6 was acconplished
with the use of a “BUG O tractor, Mdel 2000, with a post-nounted
Airco AH 35-C2 water cooled torch. An Airco AHF-NP feeder was used

in conjunction with a MIler Pulstar 450. The welding filler wre

was 3/64 inch diameter 5356 alumnum alloy. Shielding gas used was 75%
hel i un’ 25% argon.  Acceptabl e non-destructive test results and mechani cal
properties data were attained. Weld procedure qualification data and
specific welding machine settings are reported in their respective
sections. A typical nechanized pulse arc welding set-up for flat po-
sition welding is illustrated in Figure 56. A mechanized pul se arc

wel ding of test panel is shown in Figure 57. A mechanized pulse arc

wel ding root bead in .500 inch thick 5083 H 321 alumnum alloy plates
Is illustrated in Figure 58. \Weld bead surfaces and al so under-beads
are shown in Figures 59 and 60.

A limted nunber of .063 to .250 inch thick 5000 series alumnum alloy
materials were butt welded into test panels with the use of mechanized
pul se gas netal arc welding in the flat position. These panels were
subsequently non-destructively inspected per the penetrant and

radi ographic test requirenments exclusively, i.e. wthout destructive
testing for mechanical properties. Acceptable machine settings

which were established with the use of other pulse GVAW wel di ng power
sources and accessories are covered in the follow ng section entitled
“Pulse Arc Weld Machine Settings”.

155



FIGURE 56
TYRICAL MECHANIZED PULSE ARC WELDING SET-UP: FLAT PQSITION, ONE-SIDE, FULL PENETRATION BUTT WELDS




FIGURE 57
TYPTCAT, MECHANTZED PULSE ARC WELDTNG
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FIGURE 58
MECHANIZED PULSE ARC WELDED ROOT WELD BEAD: .50Q INCH THICK 5Q86-~H116 ALUMINUM ALLQY PLATE
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FIGURE 59
MEQHAFIZED PULSE ARC WELDED .500 INCH THICK 5Q86-H321 ALUMINUM ALLOY PLATE: UNDER-BEAD & SURFACE REINFORCEMENTS
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. A FIGURE 60 .
PULSE ARC WELDED .500 INCH THICK 5083-H
UNDER-BEAD AND SURFACE REINFQRCEMENTS
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/ [ S | 9
PACIFIC SHIPYARDS CORPORATION
Y N | _

TEST SERIES NO.

PROCEDURE
PROCESS

N g e P

CONTRACT
DATE

NO.

T OPERATING PARAMETERS:
i WELDING POS. FLAT NO. PASSES_ 1
PREHEAT 60 F MIN.  INTERPASS TEMP. NA
= L = CURRENT CHARAC. DCRP
CURRENT RANGE 50
QUALIFICATION JOINT VOLTAGE RANGE  13.5
MATERIALS:
BASE SPEC._5086 H=32 WIRE FEED IPM___ 130
QQ-A-150/7
MATL. THICKNESS___ pgat SHIELD FLOW 40 CFH
FILLER SPEC. AWS AS5.10-80 TRAVEL SPEED 24.5 TPM
ER 5356
FILLER DIA. 3/64" MAX. HEAT INPUT J/IN_NA
SHIELDING GAS_75% HE/25% AR HEAT TREAT NA
FLUX AND SIZE NA _
EQUIPMENT :
POWER SUPPLY___GILLILAND CV 600 FI-PA ]
TORCH OR HOLDER TYPE__MTG 4001 OTHER _ "BUG-0'"' CARRIAGE WITH POST MOUNTED
CUP TYPE & SIZE METALLIC 3/4' ORIFICE TORCH 60 PPS
ELECTRODE TYPE & SIZE_NA
NDT_TESTS: RESULTS:
_ _ _ - Visual - No visible defects
Lxdvis, [x et _lurlx Irr__lmr
P.T. Acceptable — Report # 1861 attached
DT TESTS: PLATE OR SPEC. SER. NO.
1RsT R.T. Acceptable — Repoxrt # 7220 attached
| | HRONS :
CHARPY
|| sIDE BEND
| 1rROOT BEND
|| FACE BEND
[ | FILLET BEND
] FILLET BREAK K
|| TRANS.SHEAR
|| LONG SHEAR
| | EXPL.BULGE
|} OTHER .
REMARKS
/ [
=
J.H. HITCH [ [/ 0879 J.C. JOHNSTON
WELD OPR. [/// CLOCK NO. TEST BY QUAL. RANGE
v
THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

) [ —n

EE LDING FNGTNFFR 7
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TODD SHIPYARDS CORPORATION
EATTLE DIVISION

S
1IA1 PTY ACCIIMAMAT AR ANTTLICLT
RALLIT ARSSURANLE ULFARITIENT .

Qu

TODD ORDER MO._u787 .  ITEM NO. 101.00

REPORT No. 1861

E PENETRANT NONDESTRUCTIVE TEST REPORT
r J0B DESCRIPTION
MARAD PLATE GMAW PULSED ARC PROCESS
FOR: TwPS No. 4l.34, B.77, C.65, C.67 MATERIAL: Aluminum
PENETRANT EQUIP. DUBL-CHEK; VISIBLE RED PENETRANT TIME: 15-20 min.
REPORTS TO: Distribution

DEVELOPMENT TIME: 7-30 min.
PER SPEC: MIL-STD-271_E_, NAVSHIPS 0900-003-8000, CLASS_ I

CONTRACT NO. NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable, for each plate.

QA-PT- PENETRANT




Cable “Rodin” New York

" ' N W Y

L I s l ’ l ’ SIIIDPVARDS CORPORATION

Seattie Division: 1801 16th Avenus, SW.  Sesttie, Washington 98124 «  623-1635 (208) REPORT NO. 7220

DATE 77-27- ¢ 3_
ADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO.AWS PoM 75260-R HULL
B NAME TMARBD Jo = D PRIJECT J0B H0. 47 X7  ITEM NO./O/.00 PABE  ( o |
ESCRIPTION VR oCEBLR E YULATES — MAT'L ALUM QUANTITY &/
SS NO. <A~ QUALITY LEVEL: 2-2TDX 2-4T0J--% RT: 100% 5% 50% 0 10%03 spoTd
o § . I ol DISPESITION MIL. STD271E & i
=2, &l e =2E NAVSHIPS 0900-003-9000,CLASS
=lEi2EE SIEISE=E | 15l o | . [ABS CLASS A [ CLASS B3
= ZEEES| vew 3|22 ZEESIS|EIZ (S| owr | S| 5 [omHeER:
SIS IESE = I EEaERS | ISISs Sis REMARKS
I Bol.oe3| -l o-1 |O / [ Al-34 <
J00 =1 0=\ o111 i1 =17 X< —
JaSFI p-llo { C-bS >t
1 1uasT-T ot lal/ 17T [C- 7 <
CODE

ACCEPTABLE RADIATION suunnz .
BORDERLINE X-RAY: KV 222 __mp L 2L PREPARED BY k 5 ELe
EXCESSIVE IR-192; CURIES _ZU A 4 )33 o 2
SINGLE FILM [ MO.OF | FILM SIZE AND QUANTITY APPROVED BY \
30TH 0 Z 7

9/
RADIOGRAPHER(S) —7~. /V100 &




TEST SERIES NO. B.77

il N L *
PACIFIC SHIPYARDS CORPORATIGON
_— _— — PROCEDURE NO.
r PROCESS GMAW
SEATTLE DIVISION CONTRACT MARAD 575

WELDING PROCEDURE QUALIFICATION TEST SUMMARY .  DATE 12/1/83
| OPERATING PARAMETERS:
. WELDING POS._ FLAT NO. PASSES__1
= | = PREHEAT__60 F MIN.  INTERPASS TEMP.__ NA
CURRENT CHARAC._ DCRP

CURRENT RANGE__60

QUALIFICATION JOINT VOLTAGE RANGE__16,5

MATERIALS:
BASE SPEC._QQ-~A~150/7 : WIRE FEED IPM__]150

5086 H—=32
MATL. THICKNESS ., 1qq" SHIELD FLOW 40 CFH
FILLER SPEC. __AWS A5.10-80 TRAVEL SPEED__ 22 IPM
ER 5356
FILLER DIA._3/64" MAX. HEAT INPUT J/IN__ NA
SHIELDING GAS_75% HE/25% AR HEAT TREAT NA
FLUX AND SIZE NA
EQUIPMENT:

POWER SUPPLY_GTILLTLAND CV 600 FI-PA
TORCH OR HOLDER TYPE_MTG 40Q01 OTHER ""BUG-0" CARRTAGE WITH POST MOUNTED TORCE

CUP TYPE & SIZE__3/4™ METALLIC ORTFICE 60 PPS
ELECTRODE TYPE & SIZE__NA

NDT TESTS: RESULTS:
Visual - No visible defects
g Jvis, [ deTl_lurlx IR __Imr

DT TESTS: PLATE OR SPEC. SER. NO.
RST R.T. Acceptable - Report # 7220 attached

HRDNS
CHARPY
SIDE BEND
ROOT BEND
FACE BEND
FILLET BEND
FILLET BREAK Z
TRANS . SHEAR
LONG SHEAR
EXPL.BULGE
OTHER

P.T. Acceptable - Report # 1861 attached

[

LTIl

REMARKS:

s 1]

2., nrrce ) ARNIX 10879 J.C. JOHNSTON
WELD OPR. ﬂ CLOCK NO. TEST BY QUAL. RANGE

I

\/
THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.
ééLD ING ENGIN%R DATE

-

A\




TODD SHIPYARDS CORPORATICON
SEATTLE DIVISION
QUALITY ASSURANCE DEPARTMENT

DATE 11-21-83
TODD ORDER MO. 4787 .  ITEM NO.___ 101.00 REPORT No._1861
DYE PENETRANT NONDESTRUCTIVE TEST REPORT
~JOB DESCRIPTION .
MARAD PIATE GMAW PULSED ARC PROCESS
FOR: TWPS No. Al.34, B.77, C.65, C.67 MATERIAL: Aluminum

PENETRANT EQUIP. DUBL-CHEK; VISIELE RED PENETRANT TIME: 15-20 min.
'REPORTS TO: Distribution DEVELOPMENT TIME: 7-30 min. i
PER SPEC: MIL-STD-271 E , NAVSHIPS 0900-003-8000, CLASS I

=

CONTRACT NO. NNS EFOM T0200-R

Liquid penetrant inspection of weld was found to be acceptable, for each plate.

QA-PT. PENETRANT INSPECTOR__T. Moore




Cable "Rodin” New York

TODD m componazion

Seattie Divisiom: 1801 16th Avenue, SW.  Sesttls, Washington 98124 - 623-1635 (208) REPORT NO. 7220
DATE T_‘/ ~1/-
IDIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO.AWS Poa J5260-R HULL M7
BNAME MWBRAD e s D PRaJECT JOB N9. 41 X7) ITEM N0./ O/. 0O PABE { ¢:
'SCRIPTION WRoCceEbLRRE VYLATES — MAT'LALUM QUANTITY </
S N). - -1 QUALITY LEVEL: 2-2TRXJ 2-4T[J--% RT: 100% X 50% 0 10%0 spo1]
> — S . LEL, - MIL- STD-271E o< i
§' Dla_ = &l 2 ;g; - DISPOSITION | KaVsHIPS 0900-003- 8000,0LASS —
- b [ — jemd S femd =1 s
-IEIZEE| v |35|2|2EEESs|2|E | = | | omhese 0 CLASS BOD
HEHEEE S| 2IBHST 2 B (=] IONT jxiw
SIS EE|S HRESSNESSEEHERER S|« REMARKS
ol.ob3l -l o1 |O / [l Al-34 ¢
J0OI=1 0=t O [l T =17 X<
Sl o-11o [1{] 1C-6S >
.'13 -] O—1 (o) / / / E'L’-?
CODE
ACCEPTABLE RADIATION SOURCE: p ge L
BORDERLINE X-RAY: KV Z22° /d" PREPARED BY o
EXCESSIVE IR-192: CURIES A 2 &
INGLE FILM [5 NO.OF |_FILM SIZE AND QUANTITY APPROVED BY :
i0TH d Y|

'ADIOGRAPHER(S] —7. MNMoor &




PAGIFIGC SWUPYAR@Q@RP@RATH@N

SEATTLE DIVISION

WELDING PROCEDURE QUALIFICATION TEST

SUMMARY

TEST SERIES NO._C.67_ ¢
PROCEDURE NO.

PROCESS GMAW
CONTRACT MARAD SP-7
DATE 12/1/83

OPERATING PARAMETERS:

/ WELDING P06Sd NO. PASSES 1
PREHEAT, F MIN. INTERPASS TEMP.__ NA
— [ < C1IDDENT FUADAR NCRP
- | o WURRLINE Wi e ~
CURRENT RANGE 68
QUALIFICATION JOINT " VOLTAGE RANGE 18.6
MATERTAI S
MATDRIALS.
BASE SPEC._ 5083 H-323 WIRE FEED IPM 175
Q0-A~250/7
MATL. THICKNESS 125" SHIELD FLOW 40 CFH
FILLER SPEC.__AWS A5.10-80 _ TRAVEL SPEED 16.2 1PM
ER 8354
FILLER DIA. 3/64 MAX. HEAT INPUT J/IN __NA

SHIELDING GAS 7S/HE/25/AR
FLUX AND SIZE NA

HEAT TREAT NA

EQUIPMENT:
POWER SUPPLY_ GILLILAND CV 600 FI-PA

TORCH OR HOLDER TYPE_MIG 4001
CUP TYPE & SIZE 3/4'" METALLIC ORTFICE

OTHER____"BUG-Q" CARRTAGE WITH POST MOUNTED
TORCH. 60 PPS

ECTRODE TYPE IZE __NA

ELECTRODE TYPE & SIZE

NDT TESTS:

RESULTS:
Visual - No visible defects

xvrs., Lxderl__lutLxIRrRT L_iMT

—

DT_TESTS: PLATE OR SPEC. SER. NO.

RST
HRDNS
CHARPY
SIDE BEND
ROOT BEND
FACE BEND
FILLET BEND
FILLET BREAK
TRANS . SHEAR
LONG SFEAR
EXPL.BULGE

o rr—. -

vineEr

HENEREREREER

R.T. Accentable — Report # 7220 atrtached

REMARKS:

o\
1

\

J.H. HITCH

T s

J.C. JOHNSTON

WELD OPR. - CLOCK NO.

TEST BY QUAL. RANGE

v

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.

OL,,, Vd 0;/75’::—-
VELDING ENGINERR

LDING ENGINE NATF



TODD SHIPYARDS CORPORATION
SEATTLE DIVISION
QUALITY ASSURANCE DEPARTMENT

DATE_ 11-21-83

TODD ORDER MO. 4787 .  ITEM MO.  101.00

REPORT No. 1861

DYE PENETRANT NONDESTRUCTIVE TEST REPORT

JOB DESCRIPTION

MARAD FLATE GMAW PULSED ARC PROCESS
FOR: TwPS No. Al.34, B.77, C.65, C.67 MATERIAL: Aluminum
PENETRANT EQUIP. DUBL-CHEK; VISIBELE RED PENETRANT TIME:

15-20 min.

REPORTS TO: Distribution DEVELOPMENT TIME: 7-30 min. :

PER SPEC: MIL-STD-271_E_, NAVSHIPS 0900-003-8000, CLASS_ I

CONTRACT NO. NNS FOM T0200-R

Liquid penetrant inspection of weld was found to be acceptable, for each plate.

QA-PT- PENETRANT INSPECTOR__T. Moore

168



mAH

Cabile "Robi™ New York

-L u UU SHIPYARDS CORPORATION

Seattie Division: 1801 16th Avenus, S.W.

DIOGRAPHIC INSPECTION REPORT-WELDMENTS.-

Saattie, Washington 98124

6231635 (206) REPORT HD

DATE
CONTRACT NO.ANS_Pom 75300-R HULL D7

'@

7

I

JMAME PMAARAD {2 s D PR 12ceT 108 NG 4 ¥ rrEg N0./ O/. 00 PASGE { o:
SCRIPTION VRocebuRRe ViaTes L ALUM QUANTITY &/
SND. <-—p-1 QUALITY LEVEL: 2-2TES 2-4T0--% RT im‘r/" 50%03 10% 03 sPoTJ
HZ = A= DISPOSITION _ | 1P 0910-(03-90 000,CLASS )
4 s |2 [} — = m_u —
A= TIEIZESE | |Bly |, |ABS CLASS A [ cuass B
(SNBSS vew |S|E|2EEES 5SS |S] oy |5 | S [OTHER:
LG |IESS N eI S Q= REMARKS
ol.ov3] - o1 o] 17/ [IT] [AL3Y —

J001-1 0=t JO1 [l I 1597 < _

JASFl p-1 1o [l C=loS T>F

JASI-| ot lol/ 211 1C-67) I><

- . S —

CODE s XA
\CCEPTABLE RADIATION SOURCE: y >
JORDERLINE X-RAY: KV £90 ma [ 2 PREPARED BY_ ELe
:XCESSIVE IR-182: CURIES A 4 ) o
umie P Yl va ae PITAT OIF@ atin metessmeme IP?RnV R @/a /r
INGLE FiLM X §O.OF FILM JiLt ARU UUANTITY T
ULTIFILM | VIEWS 416x17 |414,%10 B ACCEPTED RY
om 0 I R
ADIOGRAPHER(S) 7. Moo &




[PACIFIC SEIPYARDS CORPORATION]

SEATTLE DIVISION

WELDING PROCEDURE QUALIFICATION TEST SUMMARY

TEST SERIES NO. C.68, C.69, C.70
PROCEDURE NO.

PROCESS PULSE GMAW, MECHANIZED
CONTRACT MARAD SP~7
DATE 12/1/83

v

=

< |

OPERATING PARAMETERS:
WELDING POS._ FLAT
PREHEAT__60F MIN.
CURRENT CHARAC.
CURRENT RANGE__70

NO. PASSES___ 1
INTERPASS TEMP._NA
DCRP

QUALIFICATION JOINT

VOLTAGE RANGE_ 21.2

MATERIALS:
BASE SPEC._5083 H-323 WIRE FEED IPM_170
Q0-A~250/6
MATL. THICKNESS__ .125" SHIELD FLOW_40 CFH
FILLER SPEC. AWS A5.10-80 TRAVEL SPEED_16.1 IPM
_ER 5556
FILLER DIA.__ 3/64" MAX. HEAT INPUT J/IN_NA

SHIELDING GAS_75ZHE/25ZAR
FLUX AND SIZE _NA

HEAT TREAT_NA

EQUIPMENT :

POWER SUPPLY_MILLER PULSTAR 450
TORCH OR HOLDER TYPE__AH 35 C=2
CUP TYPE & SIZE _3/4" METALIIC

OTHER__"BIIG-Q" CARRTAGE WITH POST MOINTED TORCH
60 pps

ELECTRODE TYPE & SIZE _NA

NDT_TESTS:

RESULTS:
Visual = No visible defects

X vis. T der T Jur T=xdrr Tt

DT TESTS: PLATE OR SPEC. SER. NO.

P.T. Acceptahle = Report # 1871 attached

SIDE BEND
ROOT BEND
FACE BEND
FILLET BEND
FILLET BREAK
TRANS . SHEAR
LONG SHEAR
EXPL.BULGE
OTHER

ERRERREEER

R.T. Acceptable — Report # 7226 attached

REMARKS:

PN G}

§a

J,.H, HTTCH \ ( 10879

J.C. JOHNSTON

WELD OPR. 7 i ~ CLOCK NO.

TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW,

%;LDING ENGINEE%

DATE



TODD SHIPYARDS CORPORATION
SEATTLE DIVISION
QUALITY ASSURANCE DEPARTMENT

DATE 11-28-83

TODD ORDER NO. 4787 .  ITEM NO.__ 101.00 REPORT NO._ 1871

DYE PENETRANT NONDESTRUCTIVE TEST REPORT

o .. .._..JOB DESCRIPTION
MARAD PIATE GMAW PULSED ARC PRCCESS

FOR: TWPS No. C.68, C.69, C.70 MATERIAL: Aluminum

PENETRANT EQUIP. DUBL-CEEK; VISIBLE RED PENETRANT TIME: 15-20 min.

'REPORTS TO: Distribution DEVELOPMENT TIME: 7-30 min.

PER SPEC: MIL-STD-271_E , NAVSHIPS 0900-003-8000, CLASS_ I

CONTRACT NO. NNS POM T0200-R

Liquid penet;ant inspection of weld was found to be acceptable, for each of the

welds inspected.

QA-PT. PENETRANT INSPECTOR 7. Posten




Cabie "Robin”™ New York
T NN TN
| CJLI1L ) SHIPYARDS CORPORATION
Seattle Divisiom 1301 16th Avenus, S.W.  Seattle, Washington 98124 « 623-1635 (208) REPORT NGO. 7 .L'.Lé
DATE [T-33-93_
'ADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO. NA'S -Pom -1 0200-_HULL 1D/ A
IR NAME MAeAd [PncErnuze DLATES I0B NO.UTIY) ITEM N0 ! Ql.ooPABE [ af |
IESCRIPTION -G . ~ MATL ALUL M. QUANTITY_ 3
e F [Y ANALITY 1 PUPI aarvrsZ] 2 AT w AY. enans/ M~ Veas ™ can ™ -ae
N0 V. D ~Ry— | WUALITT LEVEL. 2-21 L2 &-vi L J--70 Ri: 100704 30%L1 10%Ld SPUTLY
al-| g ol 1 k=L, isposimon__[ ML STO-2TTE B0 7
=R |5 S |2ES PS 0900-003-9000,CLASS
SlEEEe == g!ggg, _IBlal - | 1ABS ELASS A Y cuass B
S=S|Z| view | 2|22 SIS|El=|S sl : —
2|18 "™ |2|5|2E2885 5|55 8 ™ |B|38
o= (W2 = 77 ) | e | — A — IR’ BE—] -_—" ] & ALMARNRY
U Bol\aS|—[o —t] J [T C-G3 DX
]
23] -[o=] 1o yATI C- &9
asi-1l n-{ lo { C-28 | X
S
g—
CODE
ACCEPTABLE RADIATION SOURCE: 7?65 -
BORDERLINE X-RAY: KV €22 qgp_/- 2 PREPARED BY__ /. S& L P
EXCESSIVE iR-192: CURIES AR 7 '//“ T
SINGLE FILM B2 NO.OF |_FILM SIZE AND GUANTITY aepRovED BY_N /e e e
MULTIFILW [ VIEWS [415x17 [415x10 : -
a0TH = T 1% ACCEPTED BY

RABIOGRAPHER(S) _/NOOR €




[PACIEIC_ SHIPYARDS CORPORATION] '
—t e e’

TEST SERIES NO. D-25
PROCEDURE NO.
- PROCESS
QEATTLE @HVUSU@N CONTRACT AR MARAD SP-7
WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 12/1/83
,.__:_ OPERATING PARAMETERS:.
\(\‘—")" WELDING POS. FLAT NO. PASSES 2

1 - l
QS0 S-as ¥ =

PREHEAT__ 60F MIN.
CURRENT CHARAC.DCRP

INTERPASS TEMP._300 F MAX.

P
1‘ 1 ‘lt Y% R CURRENT RANGE__105 105
QUALIFICATION JOINT VOLTAGE RANGE_ 23 2%
MATERIALS: .
BASE SPEC._ QQ-A-250/19 WIRE FEED IPM_ 355 380
5086 H-116
MATL. THICKNESS._ 250" SHIELD FLOW___ 40 CFH
FILLER SPEC. ER 5556 TRAVEL SPEED__ 16 IPM___ 12.2 IPM
AWS_A5.10-80
FILLER DIA. 3/64" MAX. HEAT INPUT J/IN DA
SHIELDING GAS______ 100% Heliwm _ HEAT TREAT__ NA_
FLUX AND SIZE__NA
EQUIPMENT:

POWER SUPPLY _MILLER PULSTAR 450

TORCH OR HOLDER TYPE ATRCO AH NP 35

CUP TYPE & SIZE METALLIC 3/4'
ELECTRODE TYPE & SIZE ___NA

OTHER ngnaQ" CARRTAGE WITH PQST MOINTED TORCH
120 PPS '

NDT TESTS:
X vrs, Cxderd

luTLx IrTL__IM

RESULTS:
Visual - No visible defects

DT_TESTS: PLATE OR SPEC. SER. NO.

P.T. Acceptable — Report # 1850 attached

RST
HRDNS
CHARPY
SIDE BEND
ROOT BEND
FACE BEND
FILLET BEND
FILLET BREAK
TRANS, SHEAR
LONG SHEAR
EXPL.BULGE
OTHER

R.T. Acceptable — Report # 7182 attached-

REMARKS:

A A
gt o

J. HITCH /y/ﬁI 0879

J.C, JOHNSTON

WELD OPR. ﬂ " CLOCK NO.

TEST BY QUAL. RANGE

12

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW,

(Wm0 ()



TODD SHIPYARDS CORPORATION
SEATTLE DIVISION
QUALITY ASSURANCE DEPARTMENT

DATE_10-24-83

TODD ORDER NO._ 4787 .  ITEM NO. 101.00 REPORT NO.__ 1850

DYE PENETRANT NONDESTRUCTIVE TEST REPORT

e .. . .. J0B.DESCRIPTION )
MARAD PIATE GMAW PULSE PROCESS

FOR: TWPS No. D-25 MATERIAL: Aluminum

PENETRANT EQUIP. DUBL-CHEX; VISIBLE RED PENETRANT TIME: 15-20 min.

'REPORTS TO: Distribution DEVELOPMENT TIME: 7-30 min. .

PER SPEC: MIL-STD-271_E_, NAVSHIPS 0900-003-8000, CLASS_I

CONTRACT NO. NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

G. Miller <j<;/
J. Posten [ <: K
QA-PT- PENETRANT INSPECTOR_ . 3eat .\




_Cabie “Robia™ New York

TOIDID sworeees comsonsr

Sesttie Divisioms 1801 16th Avernue, S.W. Sesttie, Washington 58124 + 523-163S (208) REPORT NO. 7182 '
DATE 10-0L-83
ADICERAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO.NNS POM-70200-R _ HULL /o
)B_RAME_TWPS No. D-25 108_NO.4787 ITEM NO, 101.00 PAGE 1 of 1
ESCRIPTION MARAD PLATZ GMAW PULSE PROCESS MAT'L ALUM. _oon  QUANTIY 1
SS NO. 4WQ-001-A QUALITY LEVEL: 2-2T[X] 2-4TJ--% RT: 100% [0 50%00 10% 03 sPoTJ
=1 = : = MIL- STD-2T1€ 3
2lgl, [® sl lopus _ DISPOSITION | NAvSHIPS 0900-003-9000,CLASS L
FHEHEAE CEISEEEL |3l — | [ABS CLASS A[] CLASS B[]
x |S|ES|5| vew (32|12 2SS S|EIS|S| owr || S |OUHER
=5 |EES =2 ==d=2= 5|35 2 (& REMARKS
“4zol,25 |-1 0-1 Jolaja 1l1 D25 | X
COBE
ACCEPTABLE RADIATION SOURCE:
BORDERLINE X-RAY: Ky 80 ,}k 2 PREPARED BY T. Moore
EXCESSIVE IR-192: CURIES — /A , = @ .
St
'GLE FILN (] NO.OF |__FILM SIZE AND QUANTITY APPROVED BY s iy
30TH O 1|2

RADIOGRAPHER(S) __ 7. Moore

" AT a




[PACIFIC SHIPYARDS CORPORATION] TEST SERIES NO._ D-28
[ N N G s RS N, MR PROCEDURE NO.
. PROCESS
SEATTLE DIVISION CONTRACT ARAs 5o
WELDING PROCEDURE. QUALIFICATION TEST SUMMARY DATE 12/1/83
" Y OPERATING PARAMETERS: .
4 \‘”' ¥ ~ WELDING POS. FLAT NO. PASSES 2
L S0 <15 ¥ u PREHEAT_60F MIN. __ INTERPASS TEMP._300F MAX.
- - T LY CURRENT CHARAC. DCRP
't‘ l CURRENT RANGE 92 124
QUALIFICATION JOINT VOLTAGE RANGE  24.8  26.5
MATERIALS: '
BASE SPEC._ QQ-A-250/19 WIRE FEED IPM 234 314
5086 H~116
MATL. THICKNESS.250" SHIELD FLOW 40 C
FILLER SPEC. AWS AS5.10-80 TRAVEL SPEED - .12.2 16 IPM
ER 5356
FILLER DIA,. 3/64" MAX. HEAT INPUT J/IN_ NA
SHIELDING GAS___75% HE/25% AR- HEAT TREAT NA
FLUX AND SIZE NA
EQUIPMENT:
POWER SUPPLY ATRCO PA 350 - i
TORCH OR HOLDER TYPE__ BINZEL OTHER__"BUG-O" CARRIAGE WITH POST MOUNTED TORCH,
CUP TYPE & SIZE 3/4" METALLIC ELECTRONICALLY PROGRAMMED WIRE FEED
ELECTRODE TYPE & SIZE __ NA
NDT TESTS: RESULTS:
Visual ~ No visible defects
X yrs. Eder_Jur X Jrr T Mt )
DM manmtahla - Daoarmmwds 4 1TORT kten~lad
L o Lo ALlLCiiLaulc — NCpULL 7 10J1 aLlLaclilcld
DT TESTS: PLATE OR SPEC. SER. NO.
A R T Arnantahla — Rannrt+ # 7181 at+anhad
-;- RST iNe L o n\.-\.\_gl_au.x.u NS AL LW Ul GLLaliicsil
|| HRDNS
[ CHARPY
|| SIDE BEND
|| ROOT BEND
|__| FACE BEND
|| FILLET BEND
|| FILLET BREAK
|| TRANS.SHEAR ~
|| LONG SFEAR
EXPL.BULGE
| J OTHER
REMARKS
J, HITGH EN ﬂu - 10879 J.C. JOHNSTON
WELD OPR. \J CLOCK NO. TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE

AND THAT TESTING AND EVALUATION WAS CONDUCTED IN ACCCRDANCE WITH THE REQUIREMENTS LISTED
BELOW,

(/L R ) (’).19 | —



TOBD SHIPYARDS CORPORATION
SEATTLE DIVISION
QUALITY ASSURANCE DEPARTMENT

DATE 10-24-83

TODD ORDER MO._4787 .  ITEM NO. 101..00 REPORT NO

DYE PENETRANT NONDESTRUCTIVE TEST REPORT

1851

-JOB. DESCRIPTION -
MARAD PLATE GMAW PULSE PROCESS

FOR: TwPS No. D-28 MATERIAL: Aluminum

PENETRANT EQUIP. DUBL-CHEK; VISIBLE RED PENETRANT TIME: 15-20 min.

'REPORTS TO: Distribution DEVELOPMENT TIME: 7-30 min.

PER SPEC: MIL-STD-271 E_, NAVSHIPS 0900-003-8000, CLASS_I

CONTRACT NO. NNS FOM T70200-R

Liquid penetrant inspection of weld was found to be acceptable.

PENETRANT INSPECTOR

G. Miller

J. Posten
R. Bell

QA-PT-

177



Cabie “Robin™ New York

I I ¥ I ’ SHIPYTARDS CORPORATION

Seattie Division: 1801 16th Avenue, SW.  Seattle, Washington 98124 -  623-163S (208) REPORT Ng. 71381
DATE 10-24-83

ADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO.NNS POM 70200-R  HULL _N/A
JB_NAME__ TWPS - D-20 J0B_NO. 4787 ITEM NO. 101.00 PAGE 1 of 21
ESCRIPTION MARAD PLATE GMAW PULSE PROCESS MAT'L ALUM. .25" QUANTITY 1
$S N0. wQ-001-A QUALITY LEVEL: 2-2T[x] 2-4T[J--% RT: 100% 3@ 50%3 10%03 spoT ]
— _* | —m mma =
| — = . = BISPOSITI mil- STU-271t &
i g @ _ : 2 - § §§§ — o M‘YSHIPS 0900- 003 8000,CLASS 1
e =G 2 = Sio [eexio. = . f— ABS GLASS ﬂ'— GLASS B
z|E|EES ver |32|Z 8585|215 1n o || e O
= |a|F=|a Slae|=Z=aE=ZS ISR =<|eae REMARKS
-4l30l .251-1 o0-1 lolila 1l1 D-28 | ¥

CODE
ACCEPTABLE RADIATION SOURCE: -
BORDERLINE X-RAY: KY mA2 PREPARED BY T. Moore
EXCESSIVE IR-192: CURIES _N/A - ,

‘BIF FllM m un Ar EHM CI?7C SMND NIIAMTITWY APPRUVED BY ‘?Q/’ i‘j @)

iNRehe § JMITY "RVU.Ur FieM JILL ANU UUANILLT ——
MULTIFILR - O] VIEWS |435x17 [45x10 ACCEPTED BY :
BUTH L] 1 2 .

RADIOGRAPHER(S) 7,




PAGIFIC QMDVAR@S@RPATU@N

SEATTLE DIVISION

WELDING PROCEDURE QUALIFICATION TEST SUMMARY

TEST SERIES NO.___I-10
PROCEDURE NO.

PROCESS MECHANIZED PULSE GMAW
CONTRACT MARAD SP—7

DATE —12/1/83

OPERATING PARAMETERS:

WELDING POS._FLAT NO. PASSES 3

. | PREHEAT__60F MIN, _ INTERPASS TEMP._300F MAX.
g ‘ é i CURRENT CHARAC. __DCRP
e ~ °  CURRENT RANGE__150 160 157
.S :
QUALIFICATION JOINT | VOLTAGE RANGE___25 28 28
MATERIALS:
BASE SPEC._QQ-A-250/6 WIRE FEED IPM_ 375 400 390
5083-H321
MATL. THICKNESS_J INCE, SHIELD FLOW___40 CFH
FILLER SPEC._AWS A5.10-80 TRAVEL SPEED___14 11.5 11.5 1IPM
ER 5336
FILLER DIA.__ 3/64 TNCH MAX. HEAT INPUT J/IN__NA

SHIELDING GAS_75% HE/25% AR
FLUX AND SIZE NA

HEAT TREAT__NA

EQUIPMENT:
POWER SUPPLY_MILILER PULSTAR 450

TORCH OR HOLDER TYPE_AH - 35 C-2

OTHER "BUG-0" CARRIAGE WITH POST MOUNTED TORCH.

CUP TYPE & SIZE_3/4" METALLIC ORIFICE 120 pps
ELECTRODE TYPE & SIZE NA
NDT TESTS: RESULTS:
Visual — No visible defects
Cxdvis, ke der Jur x drr _dmr
E I QQCEIZIE]JJE - BEJZQII; # ]898 attached
DT TESTS: PLATE OR SPEC. SER. NO.
E RST Sat. Report # E29361 R.T. Accepntahle — Renort # 7173 attached
- HRDNS
|| CHARPY
| | SIDE BEND
| X| ROOT BEND  Sat, Report # E2936]
| X| FACE BEND  Sat, Report # E29136]
| | FILLET BEND
|| FILLET BREAK =
|| TRANS. SHEAR
|| LONG SHEAR
|| EXPL.BULGE
|} OTHER
REMARKS
/ N .l! I 11
J.H. HITCHA ;L)(Q: 9 J.C. JOHNSTON
WELD OPR. || i CLOCK NO. TEST BY QUAL. RANGE

THIS CERTIFIES THAT THE DATA HEREIN IS COMPLETE AND ACCURATE TO BEST POSSIBLE KNOWLEDGE
AND THAT TESTING AND EYALUATION WAS CONDUCTED IN ACCORDANCE WITH THE REQUIREMENTS LISTED

BELOW.
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TODD SHIPYARDS CORPORATION
SEATTLE DIVISION
QUALITY ASSURANCE DEPARTMENT

DATE october 19, 1983

TODD ORDER MO._ 4787 .  ITEM NO. 101.00 REPORT NO._1848

DYE PENETRANT NONDESTRUCTIVE TEST REPORT

JOB DESCRIPTION .
MARAD PLATE GMAW PULSE PROCESS

FOR: TWPS No. I-10 - Flat MATERIAL: Aluminum

PENETRANT EQUIP. DUBL-CHEK; VISIBLE RED PENETRANT TIME: 15-20 min.

'REPORTS TO: Distribution DEVELOPMENT TIME: 7-30 min.

PER SPEC: MIL-STD-271_E_, NAVSHIPS 0900-003-8000, CLASS_I

CONTRACT NO. NNS POM 70200-R

Liquid penetrant inspection of weld was found to be acceptable.

PENETRANT INSPECTOR _ R. Bell

QA-PT-
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Cabile “Robia” New York

TC:)DD sms CORPORK’I‘IOB;T :

Seattie Divisien: 1801 16th Avenue, SW.  Sesttie, Washington 56124 + 6231635 (206) REPORT NO. 7173
DATE 10-19-05

ADIOGRAPHIC INSPECTION REPORT-WELDMENTS-- CONTRACT NO.NmS-POM-70200-R _ HULLN/A_______
B NAME__ TWwPS No. I-10 5083 H 321 JOB NO. 4787 . ITEM NO. 101.00 PAGE 1 ofl
ESCRIPTION MARAD PLATE GMAW PULSE PROCESS , MAT'L ALUM.  1/2"  QUANTITY 1
$S NO. WQ-00l-A QUALITY LEVEL: 2-2TX] 2-4TJ--% RT: 100% 0K 50%L0 10%CJ SPoT[]
o P = : | . DISPOSITION | MIL- STD-271.E [x]
g|8la_ : i - |2 ;gg - L NAVSHIPS 0900-003-9000,CLASS 1
IR E I~ = ABS t.u»A CLAS
s |G |E=Y | 2==D=2=| =SS — R REMARKS
L4izo0i,50 1-1 0-1 1o0}1 111 FLAT | X

CODE

ACCEPTABLE RADIATION SOURCE:

BORDERLINE X-RAY: KV _100 mA_3 PREPARED BY__R. Bell i
EXCESSIVE IR-192: CURIES —N/A Q
suare e POTTST NTITY APDRAVEDN RY !/ L ‘S—? e 0 <\,l]
Auic Fikm LX) NO.OF |__FilM SIZE AND QUANTITY RESHEIRE o1 —=

JLTIFILN O VIEWS [41,x17 [415x10] ACPEPTER RY
30TH = - - ACCEPTED BY
Hﬁlﬁ%ﬁA?HER{S} T. Moore/G. Miller




CH PPI NG

The chipping gun is still the preferred tool for removing excessive weld
penetration reinforcenent on the second side. The method still offers
the fastest cuts and best grooves for removing weld defects and prepar-
ing for repair welding.

Excessive reinforcenents on the torch side (first side) and the back side
(second side) maybe removed with the use of a flat configuration chisel
and shoul d be worked to the high side of the weld butt joint so that

the base material thickness will not be reduced. |In general, the other
half of the weld joint will fair in smoothly by itself.

Flat “V' and spoon shape chisels were made per sanple from 401 Parker
taper shanks. Al chisels were approximtely 6 inches |ong x 13/32
inches dianeter shank blanks. Figures 61 and 62 illustrate the flat

“V’' and spoon configurations of chisels used

Figure 63 is a photograph of the three chisel configurations
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Lot

fe——1 3/4"

1/8*
| o <
< 2 9/16* < 2 1/16°

404"

Y.

rl

—

PLAN VIEW
500"
\{f
ELEVATION VIEW 10"

FLAT CHISEL

FIGURE 61
FLAT CHISEL CONFIGURATION
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PLAN VIEW

404" 500"

ELEVATION VIEW
"V* CHISEL

ELEVATION VIEW
SPOON CHISEL

FIGURE 62
CHISEL CONFIGURATIONS
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VELDI NG_TECHNI QUE

In general, the preferred welding technique was to run stringer bead welds
in the root passes when using either the pulse spray or the “pulse short-
circuiting mode”. Single pass stringer bead welds were made in materia
thi cknesses up to 1/4 inch. However, because of |onger periods at tenper-
atures involved, single pass welds should be linited to 1/8 inch naxi num
t hi ckness.

When certified weld machine settings are established for sheet material
under .125 inch thickness and when spatter and heat are minimzed in the
“pul se short-circuiting node”, it is feasible to weld all positions wth-
out the use of heavy leather gloves generally used for shielded netal arc
wel di ng.

It should be pointed out that the intent of the above statement relative
to the feasibility of using bare hands pertains only to illustrate a

wel ding condition of no spatter and should not be interpreted as justifi-
cation towards violation of existing and established AWS and shipyard
safety requirenments to wear gloves for any type of welding.

Torch position and angles relative to the work piece and direction of

travel were very simlar to conventional gas netal arc welding. It appear-
ed that torch positions and angles were less critical for the pul sed

GVAW node. See Figure 64 for sketch illustrating torch position and torch
angl e tol erances.
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PULSE GMAW
TORCH NOZZLE (TYPICAL)

TRAVEL DIRECTION

NOZZLE
CONTACT TIP

TTT F

7\

NOTE: A CUP-TO-WORK DISTANCE 3/8"- 3/4" .
B CONTACT TIP-TO-WORK DISTANCE 1/2°- 3/4°

FILLER WIRE

FIGURE 64

MANUAL PULSE GMAW
TORCH POSITION; TORCH ANGLES; CUP/CONTACT TIP TO-WORK DISTANCES



REPAI R VELDI NG

Only one repair with gas netal arc welding is allowed per ML-STD 248

on all procedure qualification test panels. Al repairs should be mde
in the same manner as the original weld, i.e. inplenenting the same
wel di ng power sources and accessories, welding position and origina
standard. Although no repairs were required on the test panels submtted
for visual and radiographic inspection, it appears that standard repair

t echni ques coul d be applied very readily.

When full penetration welds are deposited from one side, lack of fusion
type defects are uncommon. On the other hand, inconplete fusion and
lack of fusion are rather conmon when al um num plate/sheet is welded
fromtwo sides, i.e. when the root weld beadc(s) fromthe first side

do not interpenetrate with the root beads from the second side, |ack

of fusion on the joint side walls are comon defects.

I nconplete weld penetration is usually caused because the welding current
is too low or welding travel speed is too fast.

I nconpl ete weld penetration is a significantly disastrous defect. Ful

penetration welds on the side opposite the gas netal arc torch may be
visual ly inspected readily for inconplete penetration

1QQ



PREHEAT , | NTERPASS , AND POST- HEAT TEMPERATURES

In general, no preheat is required except to remove noisture. A gentle soot
free oxy-gas torch flame or strip heaters may be used to provide uniform

tenperature not exceeding 300F for tenpered condition of 5000 series alum num
alloys for marine fabrication. Preheat tenperatures may be measured with a

surface pyroneter or other suitable tenperature indicating devices.

I nterpass tenperatures should be kept as |ow as feasible.

Since 5000 series alum num alloys are not heat treatable, no post-heat
requirement is necessary.

10N



MECHANICAL PROPERTIES FOR 5000 SERIES
ALUMINUM ALLOY SHEET AND PLATE BUTT WELDS
(AS-~WELDED 'CONTITION)

Vel d nechanical properties were devel oped as basic weld procedure specifi-
cation qualification back-up data per the requirements of M L-STD 248,

“\Wel ding Procedure and Performance Qualifications.” Through the use of
standard Navy procedures for the devel opnment and establishment of welding
procedure qualification tests, typical as-welded condition mechanical
properties were readily attained. Al butt weld test specinens were

5000 series alumnum alloy sheet and plate material manually wel ded out-
of -position, one-side, full penetration type with the use of the pulse
gas metal arc process.

Al'though the welding tests were conducted in the welding |aboratory, al
test specinens were wel ded under conditions as close as possible to actual
production fabrication. This practical approach was enconpassed because
wel ding variables greatly reflect mechariical properties values for 5000
series alumnum alloys, and naval architects and marine engineers are
primarily concerned with as-welded mechanical properties.

The non-heat treatable 5000 series alum num alloys depend upon chem ca
conposition and cold working or strain hardening for their nechanica
properties. Welding primarily affects these alloys by annealing. Wen
wel ding heat input is increased, the width of the heat-affected-zone(HAZ)
is increased. Significant changes in-weld netal strength occur as heat
input varies by welding techniques. It has been reported that yield
strength (Psi) could vary from 35,000 psi for stringer type weld beads
to 30,000 psi for tide weave type weld deposits. The mechanical proper-
ties of a weld decrease with increased total heat input.

Upon conpl etion of welding and non-destructive testing, as described
earlier in this report, the weld procedure qualification test panels
(approximately 12". x 16" x 1), were sawed into tensile and bend speci nens.
See Figure 65 which illustrates the cutting diagram of the test panel
Tensile specinens (transverse welds) and root and face bend specimens
were machi ned per sketches in Figures 66 and 67.



l— WELD
1

DISCARD
REDUCED TENSILE
SECTION SPECIMEN
BEND SPECIMEN
BEND SPEGCIMEN
BEND SPECIMEN
‘BEND SPECIMEN
REDUCED TENSILE
SECTION SPECIMEN
DISCARD
FIGURE 65

CUTTING DIAGRAM OF WELD TEST PANELS
FOR TENSILE & BEND TEST SPECIMENS
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? EDGE OF
2°R WIDEST FACE

JLJL |,,,-OF WELD

W=1 1/2°£0.01" 14 N
ExGEED 37 L This secTioN
: MACHINED BY MILLING
FIGURE 66

TRANSVERSE WELD TENSILE SPECIMEN CONFIGURATION
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THESE EDG;S TO BE MACHINED R=1/16" max.

AT

WELD REINFORCEMENT SHALL BE
MACHINED FLUSH WITH BASE METAL /8"
- 8 .
eoton ~—~—1/8"min.

N[/ 1Y H

A,

|
I
1
1
1

1
l
1
l
1

|
|
|
L

% —6"min.

- 'IF t EXCEEDS 3/8". -
MACHINE CUT TO THIS EDGE
AND REMOVE NOT LESS THAN 1/8°
BY MACHINING

FACE BEND SPECIMEN’

t-1/2"max.

‘THESE EDGES TO BE MACHINED R=1/16"max.

i
|

WELD REINFORCEMENT SHALL BE
w’ACHSNIESD FLUSH WITH BASE METAL
t= o =

1 .
. E L1/8"min.
IF t EXCEEDS 3/8" _ 8/8
MACHINE CUT TO THIS EDGE

AND REMOVE NOT LESS THAN 1/8*
BY MACHINING

‘ROOT BEND SPECIMEN

FIGURE ‘67
TRANSVERSE FACE AND ROOT BEND SPECIMEN CONFIGURATIONS



Al surface and underbead weld reinforcements were renoved flush by
machining. A typical set of flush-machined, transverse weld, reduced
section tensile specimens and root and face bend specinens are shown in
Figure 68

For convenience, the general welding parameters for nechanical property
test panels are listed according to their code identification nunbers.
See Figure 69. For specific detailed information, see the follow ng
section covering Machine Settings. Also, 5000 series alumnum alloy
"0" tenper tensile and yield strengths are specified in Figure 70
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FIGURE 68
TYPICAL FLUSH MACHINED, TRANSVERSE WELD,
REDUCED SECTION TENSILE & ROOT & FACE BEND SPECIMENS
(0.100" THICK 5086 B~32; VERTICAL-UP; 5356 FILLER)
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MATERIAL ) PLATE
THICKNESS NO
.063" Al.3
063" Al1.23
.063" Al.14
.063" A2.5
.100" B.18
.100" B.50
.100" B.74
125" C.60
.125" C.63
.125% C.30
.125 C.46
-250" D.8
250" t?\~ D.10
/
250" [N E.33
250" F.3
.250" ?E2> F.13
. 500" 1.10

PULSTAR 450

WIRE TRAV ER

VOLT AMP SPEED SPEED SOURCE
15 50 125 18 PA-350
15.5 40 172 18.5 PA-350
15 50 168 18 PA-350
15.5 50 155 20 PA-350
19 45 300 15.6 PA-3A
19 55 260 18 PA-3A
16 70 205 - 17 PA-350
17 70 225 12.8 PA-350
17 70 240 14.1 PA-350
19.5 85 245 15 PA-350
15 105 280 20 PA-350
16 150 362 11.5 PA-350
14,5 149 327 8.4 PA-350
14.5 156 343 8.9 PA-350
15.7 130 330 12 PA-350
14.5 145 333 10.2 PA-350
25 150 375 14

28 160 400 11.5

28 157 390 11.5

FIGURE 69

WELDING PARAMETERS FOR MECHANICAL PROPERTIES TESTS PANELS

.030"
.Q35"
3/64"

3/64"
3/64"

3/64"
3/64"

3/64"

5356
5356
5356



L6T

"0" TEMPER MECHANICAL PROPERTIES

ALUMINUM SHEET/PLATE MATERIAL TENSILE STRENGTH psi YIELD STRENGTH ELONGATION
ALLOY THICKNESS SPECIFICATION | MINIMUM MAXTMUM MINIMUM MAXIMUM (IN 2 INCHES)
5086 H-32 .063"; .10" QQ-A-250/7 /35,000 44,000 14,000 18
5086 H-116 1/4"; 1/2" QQ-A-250/19 35,000 44,000 14,000 | ———eeeee 16
5083 H-323 1/8" QQ-A-250/6 40,000 51,000 18,000 29,000 16
5083 H-321 1/4"
5083 H-321 1/2"
5456 H-116 1/4"; 1/2" QQ-A-250/20 42,000 53,000 19,000 16

ot

FIGURE 70

5000 SERIES ALUMINUM ALLOY
"0" TEMPER MECHANICAL PROPERTIES




NORTHWEST LABORATCRI ES'  REPORTS

Al testing of weld mechanical properties specinmens were conducted
at Northwest Laboratories in Seattle, Wshington, an independent
testing laboratory. AI'S of the alumnum alloy test specinens were
tested on a Tinius Oson Super “L” Universal Testing Mchine cali-
brated one step removed from the National Bureau of Standards

This machine was calibrated on April 8, 1983 by Pacific Scientific
Conpany.

The follow ng pages cover specific and pertinnt detailed Northwest
Laboratories' reports covering out-of-position, one-side, full pene-
tration manual pul se gas metal arc butt welding of 5000 series alum -
num al l oy sheet and plate. A summary of the nechanical properties
data, and photographs of the nechanical properties specinens after
destructive testing are shown in Figures 71, 72, and 73
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1630 FIRST AVENUE SOUTH .

nyY

of Seattie, incorporated
ESTABLISHED 1896

NORTHWEST LABORATORIES

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

. Telephone: (206) 622-0680

SEATTLE, WASHINGTON 98134
Report To: Todd Pacific Shipyards Corp. Date: June 17, 1983
Report On: Aluminum Welds, PO PS81431 Lab No: E 28426-2
IDENTIFICATION:
Test No. Al1.3 Vertical Up
Base Material & Temper 5086-H32 QQ-A-250/7
Material Thickness - 0.063"
Filler Metal- 5556
Test Procedure - Mi1-Std-248C
TEST RESULTS:
Bar Number Tl T2 Specified
Measurements 0.055 x 1.506 0.057 x 1.507
Area Sq. Inches 0.0828 0.0859
Yield Strength, Lbs. Actual 1,960 1,980
Yield Strength, PSI 23,670 23,050 Info only
Ultimate Load, Lbs. 2,980 3,080
Tensile Strength, PSI 35,990 35,860 35,000 min.
Elongation in 2 inches 0.14 0.17
Elongation, % 7.0 8.5 Info only
Fracture Location HAZ _ HAZ —-—
BEND TESTS
Number Type of Bend Results
i Face No defects, Satisfactory
2 Face No defects, Satisfactory
3 Root No defects, Satisfactory
4 Root No defects, Satisfactory

199
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NORTHWEST LABORATORIES

of Seattle, Incorporated
ESTABLISHED 1896

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SOUTH ° SEATTLE, WASHINGTON 98134 . Telephone: (206) 622-0680

Report To: Todd Pacific Shipyards Corp. Date: June 17, 1983
Report On: Aluminum Welds, PO PS81431 Lab No: E 28426-3
IDENTIFICATION:

Test No. A1.23 Vertical Up

Base Material & Temper 5086-H32 QQ-A-250/7
Material Thickness - 0.063"

Filler Metal- 5356

Test Procedure - Mil-Std-248C

TEST RESULTS:

Bar Number T T2 Specified

Measurements 0.053 x 1.510 0.051 x 1.510

Area Sq. Inches 0.0800 0.0770

Yield Strength, Lbs. Actual 1,820 1,800

Yield Strength, PSI 22,750 23,380 Info only

Ultimate Load, Lbs. 2,940 2,880 .

Tensile Strength, PSI 36,750 37,400 35,000 min.

Elongation in 2 inches 0.18 0.17

Elongation, % 9.0 8.5 Info only

Fracture Location Thru weld i Thru weld -—

BEND TESTS

Number Type of Bend Results
1 Face No defects, Satisfactory
2 Face No defects, Satisfactory
3 Root No defects, Satisfactory
4 Root No defects, Satisfactory

NORTHWEST LABORATORIES

200 ALBERT 0. WAHTO. PE




NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 189

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FI RST AVENUE SOUTH ¢ SEATTLE, WASHI NGTON 98134 Tel ephone: (206) 622- 0680
Report To: Todd Pacific Shipyards Corp. Date: June 17, 1983
Report On:  Aluminum Wl ds, PO PS81431 Lab No: E 28426-1
| DENTI FI CATI ON:

Test No. Al.14 Horizontal

Base Material & Tenper 5086-H32 QQ A-250/7
material Thickness - 0.063"

Filler Metal- 5556
Test Procedure - MI-Std-248C

TEST RESULTS:

Bar Nunber Tl T2 Specified

Measur enent s 0.048 X 1.508 0.052 X 1.507

Area Sg. Inches 0.0724 0.0784

Yield Strength, Lbs. Actual 1,810 1, 800

Yield Strength, PSI 25,000 22,960 Info only

Utimte Load, Lbs. 2,680 2,760

Tensile Strength, PSI 37,020 35, 200 35,000 min.

El ongation in 2 inches 0.14 0.17

El ongation, % 7.0 8.5 Info only

Fracture Location H A Z HAZ

BEND TESTS

Nunber Type of Bend Resul t's
1 Face No defects, Satisfactory
2 Face No defects, Satisfactory

3 Root 1 crack 3/64", Satisfactory

4 Root No defects, Satisfactory

NORTHWEST LABORATCRI ES

/ 1
Y oy 7
wé’ﬁ (O

N1 ALBERT O WAHTQO PE




NORTHW S

attle
- ‘-“'

LABORATORIES

Incorporated
t’ I

“wiviwe

ESTABLISHED 1896

Technical Services for:

1530 FIRST AVENUE SQUTH SEATTLE, WASH NGTON 98134 Tel ephone:
Report To: Todd Pacific Shipyards Corp. Dat e:
Report On: Al uminum Wl ds, PO PS81431 Lab No:
| DENTI FI CATI ON:

Test No. A2.5 Overhead
Base Material & Tenper 5086-H32 QQ A-250/7
Material Thickness - 0.063"
Filler Metal- 5556
Test Procedure - MI-Std-248C
TEST RESULTS:
Bar Nunber Tl T2 Specified
Measur enent s 0.052 X 1.506 0.052 X 1.507
Area Sg. Inches 0. 0783 0. 0784
Yield Strength, Lbs. Actual 1,830 1,830
Yield Strength, PSI 23,370 23, 340 Info only
Utimte Load, Lbs. 2,780 2,920
Tensile Strength, PSI 35, 500 37,240 35,000 min.
El ongation in 2 inches 0.16 0.17
El ongation, % 8.0 8.5 Info only
Fracture Location HAZ HAZ
BEND TESTS
Nunber Type of Bend Resul t s
Face No defects, Satisfactory
1 Face No defects, Satisfactory
Root No defects, Satisfactory
4 Root No defects, Satisfactory
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Industry, Comerce, Legal Profession & Insurance Industry

NORTHWEST LABCRATORI ES
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ALBERT O WAHTO, PE
Ch| ef Testing Engineer

N~ NN A

(206) 622- 0680

June 17, 1983
E 28426-4



NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for Industry, Comerce, -c9&l Profession & Insurance Industry

1530 FIRST AVENUE SQUTH SEATTLE, \WSH NGTON 98134 Tel ephone:  (206) 622- 0680
o . June 17, 1983
Report To  Todd Pacific Shipyards Corp. Date
. E 28426-5
Report On:  Aluminum Wl ds, PO PSB1431 Lab o:
| DENTI FI CAT| OM

Test No. Bl .18 Vertical Up

Base Material & Tenper 5086-H32 QQ A-250/7
material Thickness - 0.100

Filler Metal- 5356
Test Procedure - MI-Std-248C

TEST RESULTS :

Bar Number T1 T2 Specified

Measur enent s 0.089 X 1.509 0.091 X 1.509

Area Sg. Inches 0.134 0.137

' 2,960

Yield Strength, Lbs. Actual  2:790 '

Yli eld St rengt h. PSI - 20, 150 21,610 Info only
' 4,940

Utimte Load, Lbs. 4,700 ) 35000 i n

Tensile Strength, PSI 35,070 36, 060 : .

El ongation in 2 inches 0.16 0.16

El ongati on, % 8.0 8.0 Info only

Fracture Location Thru Vel d. Thru Meld

BEND TESTS

Nunber Type of Bend Results

1 Face No defects, Satisfactory

2 Face No def ects, Satisfactory
3 Root No defects, Satisfactory
4 Root No defects, Satisfactory

NORTHWEST LABORATORI ES

-~

Yy A [

1 (CYeaEd
ALBERT 0. WAHTO, PE
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NORTHWEST

Techni cal Services for:

1530 FIRST AVENUE SQUTH

of Seattle,

L ABORATORI ES

I ncor por at ed

ESTABLI SHED 1896

Industry, Comerce, Legal Profession & Insurance Industry

| SEATTLE, WASH NGTON 98134 | Tel ephone:  (206) 622-0680

Report To: Todd Pacific Shipyards Corp.

Report On:  Aluminum Wl ds, PO PS 81431

| DENTI FI CATI ON:

Test No. B50  Horizontal

Base Material and Tenper -
Material Thickness -

Filler Metal - 5356

0. 100"

Test Procedure - MI-Std-248C

TEST RESULTS:

Bar Number

Measur ement s
Area Sq. Inches

Yield Strength, Lbs.

Tl

Date: June 24, 1983
Lab No: E 28426-6

5086 H 32 QQ A-250/7

T2 Specified

0.092 x 1.511 0.090 x 1.511

Act ual 2,900

Yield Strength, PSI 20, 860
Utimte Load, Lbs. 4,910
Tensile Strength, PSI 35, 320

el ongation in 2 Inches 0.16

El ongation, % 8.0
Fracture Location Thru Veld

BEND TESTS:
Nunber

1

1
2

Type of Bend

Face

2 Face
Root

Root

204

0.136

2, 840
20, 880 Info only

4,870
35, 810 35,000 min.

0.16
8.0 Info only

Thru Weld

Resul t's
No defects, Satisfactory

No defects, Satisfactory
No defects, Satisfactory

No defects, Satisfactory
NORTHWEST LABORATORY ES

/'\ . AN
/\(\(\\: 66: é.: A '{ PR
v\ £ SN —E-

Chief Testing E?lgi neer
Li cense No. 3004




NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Comerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SOUTH SEATTLE, WASHI NGTON 98134 * Tel ephone: (206) 622- 068
Report To: Todd Pacific Shipyards Corp. Date: June 17, 1983
Report On;  Aluminum Wl ds, PO PS81431 Lab No: E 28426-7
| DENTI FI CATI ON :

Test No. B74 Overhead

Base Material & Tenper 5086-H32 QQ A-250/7
Material Thickness - 0.100"

Filler Metal- 5356
Test Procedure - MI-Std-248C

TEST RESULTS:

Bar Nunber Tl T2 Specified
Measur ement s 0.088 X 1.511 0.089 X 1.510
Area Sqg. Inches 0.133 0.135
Yield Strength, Lbs. Actual 3,040 3,170
Yield Strength, PSI . 22, 860 23,480 Info only
Utimte Load, Lbs. 4, 860 5, 060 .
Tensile Strength, PSI 36, 540 37,480 35,000 mn.
El ongation in 2 inches 0.18 0.18
El ongation, % 9.0 9.0 Info only
Fracture Location Thru wel d Thru weld ---
BEND TESTS
Nunber Type of Bend Results
Face No defects, Satisfactory
2 Face No defects, Satisfactory
Root No defects, Satisfactory
4 Root No defects, Satisfactory

NORTHWEST LABORATCRI ES

m s /7—4\

ALBERT O WAHTO
205 Chief Testing Engineer




NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Comerce, Legal Profession & Insurance Industry

1530 FI RST AVENUE SQUTH | SEATTLE, WASHI NGTON 98134 | Tel ephone:  (206) 622- 0680
Report To: Todd Pacific Shipyards Date: June 28, 1983
Report On:  Alumnum Wl ds, PO PS 81431 Lab No: E 28426-10
| DENTI FI CATI ON.

Test No. C60 Vertical Up

Base Material & Tenper - 5083-H323 QQ A-250/6
Material Thickness - 0.125"

Filler Metal - 5556

Test Procedure M| -Std-248C

TEST RESULTS:

Base Metal

Bar Nunber T1 T2 Actual Tests
Measur ement s 0.113 x 1*510 0.113 x 1.511
Area Sg. Inches 0.171 0.171
Yield Strength, Lbs. Actual 3,710 3, 800
Yield Strength, PSI 21,700 22,220 26, 430
Utimte Load, Lbs. 6, 520 6, 410
Tensile Strength, PS| 38, 130 37, 480 41, 460
El ongation in 2 Inches 0.24 0.24
El ongation, % 12.0 12.0 19.5
Fracture Location Thru el d Thru HAZ
BEND TESTS
Nunber Type of Bend Results

Face No defects, Satisfactory
2 Face No defects, Satisfactory

Root No defects, Satisfactory
2 Root No defects, Satisfactory

NORTHWEST  LABCORATORI ES

(L e sesle
ALBERT O WAHTO
Chief Testing Engineer

Li cense No. 3004




NORTHWEST L ABORATORI ES

of

Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SOUTH

SEATTLE, WASH NGTON 98134

Report To: Todd Pacific Shipyards

Report On:  Alumi num Vel ds, PO PS 81431

| DENTI FI CATI ON\:

Test No. C63 Vertical Up

Base Material & Tenler - 5083 -H323 QQ A-250/6

Material Thickness - 0.125"

Filler Metal - 5356

Test Procedure M I-Std-248C

TEST RESULTS:

Bar Number Tl T2

Measur enent s 0.113 X 1.510 0.110 X 1.512

Area Sg. Inches 0.171 0. 166

Yield Strength, Lbs. Actual 4,040 3,680

Yield Strength, PSI 23,630 22,170

Utimte Load, Lbs. 6, 400 6, 300

Tensile Strength, PSI 37,430 37,950

El ongation in 2 Inches 0.23 0.20

El ongation, % 11.5 10.0

Fracture Location Thru Vel d Thru Weld

BEND TESTS

Nunber Type of Bend Results

1 Face No defects, Satisfactory

2 Face No defects, Satisfactory
Root No defects, Satisfactory

2 Root No defects, Satisfactory

NORTHW EST LABORATCRY ES

ALBERT O WAHTO,
Chief Testing Engineer
License No. 3004

Tel ephone:  (206) 622- 0680

Date: June 28, 1983

Lab No: E 28426-11

Base Metal
Actual Tests

Mmcé

26, 430

41, 460

19.5

~
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NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SQUTH | SEAI TLE, WASH NGTON 98134 I Tel ephone: (206) 622- 0680
Report To: Todd Pacific Shipyards Date: June 28, 1983
Report On:  Alum num Wl ds, PO PS 81431 Lab No: E 28426-8
| DENTI FI CATI ON:

Test No. C30 Horizontal

Base Material & Tenper- 5083-H323 QQ A 250/ 6
Material Thickness - 0.125

Filler Metal - 5556
Test Procedure M -Std-248C

TEST RESULTS:

Base Metal
Bar Number Tl T2 Actual Tests
Measur enent s 0.115 x1.507 0.116 X 1.507
Area Sg. Inches 0.173 0.175
Yield Strength, Lbs. Actual 3,810 3,615
Yield Strength, PS| 22,020 20, 660 26, 430
Utimte Load, Lbs. 6, 400 6, 360
Tensile Strength, PSI 36, 990 36, 340 41, 460
El ongation in 2 Inches 0.24 0.24
El ongation, % 12.0 12.0 19.5
Fracture Location Thru Veld Thru Weld
BEND TESTS
Nurber Type of Bend Results
1 Face No defects, Satisfactory
2 Face No defects, Satisfactory
1 Root No defects, Satisfactory
2 Root No defects, Satisfactory

NORTHWEST LABORATCRY ES

(o et T
ALBERT 0. WAHTO, PE
Chief Testing Engineer




NORTHWEST L ABORATORI ES

of Seattle, I ncor por at ed

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FI RST AVENUE SOUTH SEATTLE, WASH NGTON 98134 Tel ephone:  (206) 622-0680
Report To: Todd Pacific Shipyards Date: June 28, 1983
Report On:  Alum num Wl ds, PO PS 81431 Lab No: E 28426-9
| DENTI FI CATI ON:

Test No. C46 Overhead

Base Material & Tenper - 5083 -H323 QQ A-250/6
Material Thickness - 0.125"

Filler Metal - 5356

Test Procedure M 1-Std-248C

TEST RESULTS :

Base Metal

Bar Nunber Tl T2 Actual Tests
Measur ement s 0.117 x 1.512 0.107 x 1.510
Area Sg. Inches 0.177 0.162
Yield Strength, Lbs. Actual 3,940 3,640
Yield Strength, PSI 22, 260 22,470 26, 430
Utimte Load, Lbs. 6, 650 6, 160
Tensile Strength, PS| 37,570 38, 020 41, 460
El ongation in 2 Inches 0.24 0.20
El ongation, % 12.0 10.0 19.5
Fracture Location Thru Veld Thru Weld
BEND TESTS
Number Type of Bend Results

Face No defects, Satisfactory
1 Face No defects, Satisfactory
1 Root No defects, Satisfactory
2 Root No defects, Satisfactory

NORTHWEST LABORATORI ES

Chi ef Testing Engi neer




NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: industry, Commerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SOUTH | SEATTLE, WASHI NGTON 98134 | Tel ephone:  (206) 622- 0680
Report To: Todd Pacific Shipyards Corp. Date: June 20, 1983
Report On:  Alumnum PO PS 81458 Lab No: E 28495-2

| DENTI FI CATI ON:

0.125" thick 5083 -H323 Al um num Al loy
QQ A- 250/ 6F

TEST RESULTS:

Bar Number Tl T2 Specified
Measur enent s 0.127 x 1.507 0.128 x 1.510

Area Sg. Inches 0.191 0.193

Yield Strength, Lbs. Actual 5,050 5,100

Yield Strength, PSI 26, 440 26, 420 34, 000- 44, 000
Utimte Load, Lbs. 7,960 7,960

Tensile Strength, PSI 41, 680 41, 240 45, 000- 54, 000
El ongation in 2 Inches 0.39 0.39 .

El ongation, % 19.5 19.5 8 mn.

NORTHWEST LABORATORI ES

M@q_&/ﬁi ,. @é@éf&

Chief Testing Eﬁgineer
License No. 3004
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NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SOUTH | SEATTLE, WASHI NGTON 98134 | Tel ephone: (206) 622-0680
Report To: Todd Pacific Shipyards Corp. Date: June 17, 1983
Report On:  Alum num Vel ds, PO PS81431 Lab No: E 28426-12
| DENTI FI CATI ON:

Test No. D8 Vertical Up

Base Material & Tenper 5086-H116 QQ A-250/1 9
Material Thickness - 0.250"

Filler Metal- 5556

Test Procedure - MI-Std-248C

TEST RESULTS:

Bar Nunber Tl T2 Specified
Measur enent s 0.228 X 1.505 0.240 X 1.505
Area Sg. Inches 0. 343 0. 361
Yield Strength, Lbs. Actual 7,250 7, 300
Yield Strength, PSI 21, 140 20, 220 Info only
Utimte Load, Lbs. 12, 400 13, 600
Tensile Strength, PSI 36, 150 37,670 35,000 min.
El ongation in 2 inches 0.16 0.21
El ongation, % 8.0 10.5 Info only
Fracture Location Thru Veld Thru WwWeld ---
BEND TESTS
Nurber Type of Bend Results
Face 4 cracks 1/32", Satisfactory
2 Face No defects, Satisfactory
Root No defects, Satisfactory
4 Root No defects, Satisfactory

NORTHWEST LABORATORI ES

@Q&wf*@ oA
ALBERT 0. HAH'U, PE

211 Chief Testing Engineer
License No. 3004



NORTHWEST L ABORATORI ES

Techni cal Services for:

1530 FIRST AVENUE SQUTH |

of Seattle,

I ncor por at ed
ESTABLI SHED 1896

SEATTLE, WASH NGTON 98134

Report To: Todd Pacific Shipyards
Report On:  Aluminum Vel ds, PO PS 8145B
| DENTI FI CATI ON:
Test No. D-10 Hori zontal
Base Material & Tenper - 5086 - H116 QQ A-250/19
Material Thickness - 0.250”
Filler Metal- 5556
Test Procedure - MI-Std-248C
TEST RESULTS:
Bar Number Tl T2
Measur enent s 0.236 X 1.510 0.237 X 1.509
Area Sg. Inches 0. 356 0. 358
Yield Strength, Lbs. Actual 7,000 6, 700
Yield Strength, PS| 19, 660 18,710
Utimte Load, Lbs. 14,150 14,200
Tensile Strength, PSI 39, 750 39, 660
El ongation in 2 Inches 0.26 0.29
El ongation, % 13.0 14.5
Fracture Location Thru Weld Thru Weld
B END TESTS:
Nunber Type of Bend Resul t's
Face No defects, Satisfactory
1 Face No defects, Satisfactory
Root No defects, Satisfactory
2 Root No defects, Satisfactory
NORTHWEST LABORATORI ES
///;;‘ N~ 3
/\ e v c.é:/
__:_ 2. i / 4 N ~
ALBERTO WAHTO, PE
Chief Testing Eng| neer
Li cense No. 3004

Industry, Comerce, Legal Profession & Insurance Industry

Tel ephone: (206) 622-068
Date: July 7, 1983
Lab No: E 28635-3
Specified
Info only
35,000 min.
Info only




NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Comerce. Legal Profession & Insurance Industry

1530 FIRST AVENUE SQUTH | SEAITLE, WASHI NGTON 98134 | Tel ephone:  (206) 622- 0680
Report To: Todd Pacific Shipyards Date: July 7, 1983
Report On: Al uminum welds, PO PS 8145B Lab No: E 28635-2
| DENTI FI CATI ON:

Test No. E-33 Horizontal

Base Material & Tenper - 5456 - H 16 QQ A-250/7
Material Thickness - 0.250"

Filler Metal- 5556
Test Procedure - MI-Std-248C

TEST RESULTS:

Bar Number Tl T2 Specified
Measur ement s 0.245 X 1.506 0.246 X 1.506
Area Sq. Inches 0. 369 0. 369
Yield Strength, Lbs. Actual 8,700 9, 250
Yield Strength, PSI 23,580 25,070 Info only
Utimte Load, Lbs. 15, 600 15, 800
Tensile Strength, PS| 42,280 42,820 42,000 nin.
el ongation in 2 Inches 0.19 0.20
El ongation, % 9.5 10.0 Info only
Fracture Location Thru Weld Thru Weld
BEND TESTS:
Nunber Type of Bend Resul t's
Face No defects, Satisfactory
1 Face No defects, Satisfactory
1 Root No defects, Satisfactory
2 Root No defects, Satisfactory

NORTHVEST  LABORATCRI ES

. :'\‘\J,--‘.- ’.J.— V‘/\ /.“ -
RS TGN =
ALBERT O WAHTO, PE
Chief Testing Engineer

Li cense No. 3004



NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Comerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SQUTH SEATTLE, WASHI NGTON 98134 Tel ephone:  (206) 622- 0680
Report To: Todd Pacific Shipyards Corp. Date: June 24, 1983
Report On:  Alumi num Welds, PO PS 81431 Lab No: E 28426-14
| DENTI FI CATI ON:

Test No. F3 - Vertical Up

Base Material and Tenper- 5083-H321 QQ A-250/6
Material Thickness - 0.250"

Filler Metal - 5556

Test Procedure - MI-Std-248C

TEST RESULTS:

Bar Nunber Tl T2 Specified
Measur ement s 0.230 X 1.503 0.236 X 1.512
Area Sq. Inches 0. 346 0. 356
Yield Strength, Lbs. Actual 7,260 7,930
Yield Strength, PSI 20, 980 22,280 Info only
Utimte Load, Lbs. 14,000 15, 150 .
Tensile Strength, PSI 40, 460 42,560 40, 000 mn.
elongation in 2 Inches 0.17 0.21
El ongation, % 8.5 10.5 Info only
Fracture Location Thru Wl d Thru Veld
BEND TESTS:
Nunber Type of Bend Resul t's
1 Face No defects, Satisfactory
2 Face 1 crack 1/16", Satisfactory
1 Root 1 crack 3/32", Satisfactory
2 Root No defects, Satisfactory

NORTHWEST LABORATORY ES

ALBERT 0. WAHTO, PE

Chief Testing Engineer
Li cense No. 3004




NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SOUTH I SEATTLE, WASHI NGTON 98134 I Tel ephone:  (206) 622- 0680
Report To: Todd Pacific Shipyards Date: July 7, 1983
Report On:  Aluminum Wl ds, PO PS 8145B Lab No: E 28635-1
| DENTI FI CATI ON:

Test No. F-13 Hori zont al

Base Material & Tenper - 5083 - H321 QQ A-250/6
Material Thickness - 0.250”

Filler Metal- 5556
Test Procedure - MI-Std-248C

TEST RESULTS:

Bar Nunber Tl T2 Speci fied
Measur enent s 0.243 X 1.508 0.234 X 1.508

Area Sqg. Inches 0. 366 0.353

Yield Strength, Lbs. Actual 7,420 8, 300

Yield Strength, PS| 20, 270 23,510 Info only
Utimte Load, Lbs. 15, 350 14, 850

Tensile Strength, PSI 41,940 42,070 40,000 min.
El ongation in 2 Inches 0.26 0.23

El ongation, % 13.0 11.5 Info only
Fracture Location Thru Weld Thru Wweld

BEND TESTS:

Nunber Type of Bend Resul t's

1 Face No defects, Satisfactory

2 Face No defects, Satisfactory

1 Root No defects, Satisfactory

2 Root No defects, Satisfactory

NORTHWEST LABORATORI ES

\ P
K 5\ /‘\, y V‘-. /-/‘_\. /
@C N (,/L Loemfrmm—
ALBERT 0. WAHTO, PE

Chief Testing Engineer
License No. 3004



NORTHWEST L ABORATORI ES

of Seattle, Incorporated
ESTABLI SHED 1896

Technical Services for: Industry, Comerce, Legal Profession & Insurance industry

1530 FIRST AVENUE SQUTH | SEATTLE, WASHI NGTON 98134 | Tel ephone:
Report To: Todd Pacific Shipyards Date:  Novenmber 1, 1983
Report On: \Welds PO PS 81723 Lab No: E 29361
| DENTI FI CATI ON.

Set No. 1-10

Base material 5083-H321 for QQ A-250/6 1/2" thick plate
Filler Miterial - 5356 position- flat Mechanized

Tested per

M| -Std-248C

TEST RESULTS :

Tensil e Test

(206) 622- 0680

S~ecified

Bar # T1 T2
Measur ement s 1.497 X . 467  1.497 x .474
Area Sg. Inches . 699 . 710
Yield Strength, Lbs. Actual 14, 250 14, 340
Yield Strength, PSI 20, 390 20, 200 Info. Only
Utimte Load, Lbs. 28, 550 28,470
Tensile Strength, PSI 40, 840 40, 100 40,000 M n.
El ongation In 2 Inches .29 .22
El ongation, % 14.5 11.0 Info. Only
Fracture Location Thru wel d Thru weld --

Bend Tests
No. Type of Bend Resul ts
Fl Face 3 cracks 1/64" Satisfactory
F2 Face Cracks 1/64" to 1/32" Satisfactory
R1 Root No Defects Satisfactory
R2 Root No Defects Satisfactory

NORTHWEST LABORATORI ES

@ (,/—(—é«w"/‘-"
IEEERTU—WKHTD_FE'_

Chief Testing Engineer
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NORTHWEST LABORATORIE

of Seattle, Incorporated
ESTABLISHED 1896

Technical Services for: Industry, Commerce, Legal Profession & Insurance Industry

1530 FIRST AVENUE SOUTH ) SEATTLE, WASHINGTON 98134 . Telephone: (206, 622-0680

August 25, 1983

Todd Shipbuilding & Construction Co.
P.0. Box 3806 .
Seattle, WA 98124
Attn: Mike Nakata

Dear Sir:

This is-to certify that the aluminum weld test coupons were tested on our
Tinius Olson Super "L" Universal Testing Machine calibrated one step removed
from the National Bureau of Standards. Calibrated on April 8, 1983 by
Pacific Scientific Company.

ALBERT 0. WAHTO, PE

Chief Testing Engineer
License No. 3004

AOW:1b
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TEST NUMBER BASE TENSILE TENSILE
& BASE HATERIAL FEDERAL X-RAY PENETRANT FACE ROOT 1 2 SPECIFIED &
TYPICAL WELD POSITION HATERIAL TEMPER THICKNESS SPECIFICATION RESULTS RESULTS BEND BEND PSL PSI TENSILE COMMENTS
AL.14 HORIZONTAL 5086 H-32 .063" QQ-A-250/7 ACCEPT ACCEPT ACCEPT  ACCEPT 37,020 35,200 35,000 ACCEPTAB
Al.3 VERTICAL-UP 5086 H-32 .063" QQ-A-250/7 ACCEPT ACCEPT ACCEPT ACCEPT 35,990 35,860 35,000 ACCEPTAB:
Al,23 VERTICAL-UP 5086 H-32 063" QQ-A-250/7 ACCEPT ACCEPT ACCEPT ACCEPT 36,750 37,400 35,000 ACCEPTAB
A2.5 OVERHEAD 5086 H-32 .063" QQ-A-250/7 ACCEPT ACCEPT ACCEPT ACCEPT 35,500 37,240 35,000 ACCEPTAB'
B1,18 VERTICAL-UP 5086 H-32 .100" QQ-A-250/7 ACCEPT ACCEPT ACCEPT ACCEPT 35,070 36,060 35,000 ACCEPTAB
B.74 OVERHEAD 5086 H-32 .100" QQ-A-250/1 ACCEPT ACCEPT ACCEPT ACCEPT 36,540 37,480 35,000 ACCEPTAB
B.50 HORIZONTAL 5086 H-32 J100% QQ-A-250/7 ACCEPT ACCEPT ACCEPT ACCEPT 35,320 35,810 35,000 ACCEPTAB
.30 HORIZONTAL 5083 H-323 .125" QQ-A-250/6 ACCEPT ACCEPT ACCEPT  ACCEPT 34,990 36,340 40,000 N
. /
C.46 OVERHEAD 5083 H-323 .125" QQ-A-250/6 ACCEPT ACCEPT ACCEPT ACCEPT 37,570 38,020 40,000 1
.60 VERTICAL-UP 5083 H-323 .L2s5" QQ-A-250/6 ACCEPT ACCEPT ACCEPT __ ACCEPT 38,130 37,480 40,000 >
+ £
C.63 VERTICAL-UP 5083 H-323 .125% QQ-A-250/6 ACCEPT ACCEPT ACCEPT ACCEPT 37,430 37,950 40,000 1
| =
D.8 VERTICAL-UP 5086 H-116 ,250" QQ-A-250/19 ACCEPT ACCEPT ACCEPT ACCEPT 36,150 37,670 35,000 ACCEPTAB
F.3 VERTICAL-UP 5083 H-321 J250" QQ-A-250/6 ACCEPT ACCEPT ACCEPT ACCEPT 40,460 42,560 40,000 ACCEPTAB
F.l3 HORIZONTAL 5083 H-321 »250" OQ=A-250/6 ACCEPT. ACCRPT ACCEPT ACCEPT 41,940 42,070 40,000 ACCEPTAB
E.33 HORIZONTAL 5456 H=116 250" 0Q-A=250/7 ACCEPT ACCEPT. ACCEPT ACCEPT 42 280 42,820 42,000 ACCEPTAR
D.10 HORIZONTAL 3086 H-116 .250" Q0-A=250/19 __ACCEPT ACCEPT ACCEPT ACCEPT 19,250 19,660 35,000 ACCEPTAR
(A asvisso | sats | ALUMINUM WELDING, ONE~SIDE, OUT-QF- FIGURE 71
Troe POSITION, FULL PENETRATION, MANUAL GAS MECHANICAL PROPERTIES DATA
s METAL ARC BUIT WELDING OF 5000 SERIES % 10" TEMPER
o ALUMINUM-ALLOYSHEET & TLATE DATA SHEET LOW BASE METAL TENSILE STRENGTH: Q,125" THICK 5083-1323
Appe. TODD PACIFIC SHIPYARD CORP., SEATTLE YIELD STRENGTH 26,430 PSI ACTUAL INSTEAD OF 34,000-44,000PSI
s DIVESION TENSILE STRENGTH 4},460 PSI ACTUAL INSTEAD OF 45,000-54,000 P
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d FIGURE 72
TYPTCAT, MECHANTCAT. PROPERTTES TEST SPRCTMFENS AFTER TENSTLE AND BEND TESTS
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FIGURE 73
LAY-QUT OF TYPICAL MECHANICAL PROPERTIES TEST ‘SPECIMENS SUBSEQUENT TQ TENSILE & BEND TESTING




PULSE ARC VEELDI NG _MACHI NE_SETTI NGS

Pul se arc wel ding machine settings that were determned and established
during this program are shown in a sunmary page formand also in indivi-
dual machine setting fornms. These machine settings represent actua

val ues devel oped during the course of this investigation and apply
primarily to butt welding in the out-of-position, one-side, full pene-
tration manual gas netal arc welding of 5000 series aluminum alloy sheet
and plates. These values provide excellent starting weld parameters

and shoul d be adjusted accordingly for other weld joint designs and ot her
marine alum num al | oys.

Charts showing wire feed speeds (inches per mnute) vs. wire speed dial
settings have been developed for the Airco System 1, Airco AHF-NP,
Glliland MIG 4001 and the M & Kwire feeders. It is anticipated that
these charts would be helpful in the devel opmental determination of

i ndi vi dual machine settings.

The following information covering pulse arc welding machine settings
are divided into three sections: Airco PA-3A & PA-350, Glliland Cv-
600 FI-PA, and the MIler Pulstar 450. Each section includes a
matrix of machine settings, wire feed speeds vs. dial settings and

i ndividual |y devel oped detailed weld machine settings.

221



1

BASE MATERTAL ALLOY
4

WELDING POSITION

VERTICAL~-UP HORIZONTAL OVERHEAD _FLAT
.063" ’
5086 x |xx XX 3336
H-32
X - - 5556
.100" 5356
5322 X Ixx XX XX XX
H-32
5556
XX
| = | = ol I
H-323
x | xx = | xx XX 5556
.250" 5356
5086 X XX
H-115 ‘v~
- X XX 5556
.250" 5356
5456 XX XX
H-116
- % 5556
.250" { XX XX 5356
5083
H-321
XX XX XX 5556
o = = = I B
H-116
_ X% 5556
v XX XX XX X | e
H-116
5556
1] B ORI
] s x = m| [
H-321
5556
3] 1 3§ 1 311 311
030 1035164 | 16 |030 {.035{64 |16 {030 |.035|64 |16 1030 }.035! 54|16 |
FILLER WIRE DIAMETER OVERALL MACHINE SETTING MATRIX

(INCH)

AOTTV THIM ¥ITTId



25

100

200

| | | { ! |

300 400 500 600
WIRE FEED SPEED/INCHES PER MINUTE
WIRE FEED SPEED VS. DIAL SETTINGS

3/64" DIAMETER 5356 ALUMINUM ALLOY FILLER WIRE
AIRCO AHF-NP FEEDER; AH 35-C2/GUN

700

800

900

1000



%tc

WIRE SPEED

DIAL SETTINGS:

10

50

1 i
¥ T ¥ ] 1 T i

100 t 200 ! 300 ' 400 ' 500
WIRE FEED SPEED/INCHES PER MINUTE

WIRE FEED SPEED VS. DIAL SETTINGS
3/64" DIAMETER 5556 ALUMINUM ALLOY FILLER WIRE

AIRCO SYSTEM 1 FEEDER; ATRCOMATIC GUN: MANUAL MODE

800



|
! 1 ! | ! I { 1 | ! |

200 300 400 500 600 700
WIRE FEED SPEED/INCHES PER MINUTE

WIRE FEED SPEED VS. DIAL SETTINGS
.035" DIAMETER 5356 ALUMINUM ALLOY FILLER WIRE

AIRCO SYSTEM 1 FEEDER; AIRCOMATIC GUN: MANUAL MODE

800

900
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BASE MATERTAL ALLOY
e

WELULNG PUSLLELON

VERTICAL~UP HORIZONTAL QVERHEAD —FLAT
* B F A
. 6 1"
sgsg XX 5356
H-32
%X X XX 5556
[ > .
B-32
5556
ey = i i
H-323
XX XX 5556
.250" XX XX 5356
5086
H-116 {_
i 5556
XX XX
- ol I s
H-116 ‘
b vx X% 5556
égggu X XX 5356
H-321
XX XX 5556
1n
e = 5 . m | [
H-116
XX 5556
.500" XX XX XX XX 5356
5456
H-116
5556
5083 = = = >
H-321
5556
[ 3 11 3 |1 3 11 3 1.1
030 L035l64 {16 {030 |.035{64 |16 {0301.035|64 }16 1030}.0351 64115 |
*bA-3A FILLER ?§§§H§IAMETER ATRCA-MACHINE SETTING MATRIX

X0TIV MHIM ¥ATTIA



BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
. 063" THICKNESS | 5556 ALUMINUM ALLOY | PULSE SHORT ARC
5086 H~32 3/64" DIAMETER [CO,, JCO.,
ALUMINUM ALLOY X
SHIELD GAS FLOW RATE
75%ZHE/25%AR X | 40 CFH
’* "PUSHBUTTONSELECTOR SWITCHES -
BN OUT | TN DU TN DN OUT |
WELDING BACKGROUND
VOLTAGE 15 SETTING
WELDING
CURRENT
AMPS 50
i CURRENT WIRE AUTO
=B SETTING 2.25 FEED PROCESS }mmr‘_‘
52| VOLTAGE
=8l TRIM
SETTING .5
WIRE POTENTIOMETER
SPEED-IPM an SETTING . -
125 .
TRAVEL
SPEED-IPM 18 - .- -
AJ-.3
VERTICAL-UP

ATRCO PA-350 MACHINE SETTING

nn-=




BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
.063" THICKNESS | 5356 ALUMINUM ALLOY | PULSE SHORT ARC
5086 H-32 3/64" DIAMETER L0, ;0
ATLITMINIIM ATI.OY

i M SHIELD GAS FLOW RATE
75%HE/25ZAR X | 40 CFH®
PUSHBUTTON SELECTOR SWITCHES
1 2 3 A .
OUT | IN . IN OUT |
WELDING BACKGROUND
VOLTAGE 15.5 SETTING
WELDING
CURRENT
AMPS 40
e CURRENT WIRE AUTO
gz SETTING 2.25 FEED PROCESS |yt
EE VOLTAGE
o TRIM
SETTING .5
WIRE POTENTIOMETER
SPEED-IPM SETTING
172 1.5

TRAVEL
SPEED-IPM 184 - - -

A1.23
VERTICAL-UP

ATRCO PA-350 MACHINE SETTING

228




BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
L0637 THICKNESS |5556 ALUMINUM ALLOY | PULSE SHORT ARC
5086 H-32 3/64" DIAMETER L0, 1AR/CO,
ALUMINUM ALLOY X
SHIELD GAS FLOW RATE
75%8E/25%4AR X | 40 CFH
PUSHBUTLON SELECTOR SWITCHES
1 2 3 A _
OUT | IN , IN OuUT |
WELDING BACKGROUND
VOLTAGE 15 SETTING
WELDING
CURRENT
AMPS 50
e CURRENT WIRE AUTO
=i SETTING 2.75 FEED PROCESS MANTAL
E 81" VOLTAGE
g TRIM
SETTING .5
WIRE POTENTIOMETER
SPEED-IPM SETTING
168 1.4
TRAVEL
SPEED-IPM 18- .- T
A 1l.14
HORIZONTAL

ATRCO PA-350 MACHINE SETTING
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BASE JIRE TYPE & _
MATERTAL DIAMETER PROCESS SELECTOR
.063" THICKNESS |5556 ALUMINUM ALLOY PULSE SHORT ARC
5086 H-32 3/64" DIAMETER £05 1AR/CO, |
ALUMINUM ALLOY X
SHIELD GAS FLOW RATE
75%HE/25ZAR A | %0 CFH
PUSHBUTTON SELECTOR SWLTCHES
L1 2 | 3 1 4 |
IROUT [ TN T M ouT |
WELDING |BACRGROUND
VOLTAGE SETTING
15.5
WELDING
CURRENT
AMPS 50
1 Bt WIRE AUTO
Bl SETTING , N\
EE s FEED PROCESS|yyvar-
§§ VOLTAGE A
Bl -TRIM
SETTING 5 _
WIRE POTENTIOMETER
SPEED-IPM SETTING
155 1.35
TRAVEL
SPEED-IPM  .90--- - - i
A2.5
OVERHEAD

ATRCO

N
[WA]
o

PA-350 MACHINE SETTING



BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
. 100" THICKNESS | 5356 ALUMINUM ALLOY 120 60
5086 H-32 .030" DIAMETER
ALUMINUM ALLOY X
__SHIELD GAS FLOW RATE
75%HE/25%ZAR | 40 CFH
SELECTOR_SWITCHES
EXTRA LOW NORMAL
ON ON. -OFF
WELDING
VOLTAGE 19 -
WELDING
CURRENT
AMPS 45
CURRENT
SETTING -
VOLTAGE BACKGROUND PEAK
SETTING 43 64
WIRE POTENTIOMETER
SPEED~IPM 301 SETTING 3.9
TRAVEL
SPEED-IPM 15.6 -
B1.18
VERTICAL-UP

ATRCO PA~3A MACHINE SEITING
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WIRE TYPE & PULSE

BASE
MATERTAL DIAMETER PROCESS SELECTOR
—T00" THICKNESS |5356 ALUMINUM ALLOY |_ 120 60
5086 H-32 .035" DIAMETER
ALUMINUM ALLOY X
SHIELD GAS FLOW RALE
7SRHE/Z54ER | 40_CFH
SELECTOR SWLTCHES
EXTRA LOW NORMAL
ON ON- -OFF
WELDING
VOLTAGE 19 -
WELDING
CURRENT
AMPS 35
CURRENT
SETTING :
VOLTAGE BACKGROUND PEAK
SETTING 43 68
WIRE POTENTIOMETER
SPEED-IPM 260 SETTING 5 ¢
TRAVEL
SPEED~IPM 18 -
B.50
HORTZONTAL

ATRCO PBA~3A MACHINE SETTING
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BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
~I00" THICRNESS | 5356 ALUMINUM ALLOY | PULSE SHORT ARC
5086 H-32 3/64" DIAMETER CO,_JARJCO_|
ALUMINUM ALIOY X

— SHIELD GAS - FLOW RATE
75%HE/25ZAR | 40 CFH
PUSHBUTTON SELECTOR SWITCHES
1 2 3 A _
OUT | IN . IN OUT }
WELDING ' BACKGROUND
VOLTAGE 16 SETTING
WELDING
CURRENT
AMPS 70
o e CURRENT WIRE AUTO
=t SETTING 4.0 FEED PROCESS I*!E!EALX
é; VOLTAGE
8 TRIM
SETTING .5

WIRE POTENTIOMETER.
SPEED-IPM 205 SETTING 2.0

TRAVEL
SPEED~-IPM 17 e - -

B.74
OVERHEAD

ATRCO PA-350 MACHINE SEITING
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BASE WIRE TYPE &
| MATERTAL DIAMETER PROCESS SELECTOR
. 125" THICKNESS |5556 ALUMINUM ALLOY | PULSE SHORT ARC

5083 H-323 3/64" DIAMETER L0, JAR/CO,
ALUMINUM ALLOY X
— SHIELD GAS FLOW RATE
75%BE/25%AR X | 40 CcFH
PUSHBULTON SELECTOR SWLICHES
1 2 3 G|
OUT | IN . IN OUT
WELDING BACKGROUND
VOLTAGE 17 SETTING
WELDING
CURRENT
AMPS 70
e CURRENT WIRE AUTO.
s (e FEED
5| SETTIN 4.75 PROCESS |y nyar X
% ] VOLTAGE
&l TRIM
SETTING .75
WIRE POTENTIOMETER
SPEED-IPM SETTING
225 2.25
TRAVEL
SPEED-IPM - 12.8. - T
C. 60
VERTICAL-UP

ATRCO PA-350 MACHINE SETTING




BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
T .125" THLICKNESS | 5356 ALUMINUM ALLOY | PULSE SHORT ARC
5083 H-323 3/64 "DIAMETER (€O, 1AR/CO, |
ALUMINUM ALLOY X
SHIELD GAS FLOW RATE
T 75ZHE/25ZAR X | %0 CFH
PUSHBULTON SELECIOR SWLTCHES
1. 2 3 A '
OUT | IN . IN OUT |
WELDING BACKGROUND
VOLTAGE 17 SETTING
WELDING
CURRENT
AMPS 70 ,,
CURRENT WIRE AUTO
ME|  SETTING - FEED PROCESS| . Y
e< 4.0 MANUAL A\
§§ VOLTAGE
v TRIM
SETTING .5
WIRE POTENTIOMETER.
SPEED-IPM SETTING
240 2 &
TRAVEL
SPEED-TEM 4L oo
C-63
VERTICAL~UP

ATRCO PA-350 MACHINE SETTING



BASE WIRE TYPE &

MATERIAL DIAMETER PROCESS SELECTOR
125" THICKNESS [5556 ALUMINUM ALLOY | PULSE SHORT ARC
5083 H-323 3/64" DIAMETER L0, _JAR/CO,
ALUMINUM ALLOY X

SHIELD GAS FLOW RATE
75ZHE/25%ZARX | 40 CFH

PUSHBUTION SELECTOR SWITCHES

1 2 3 |
OUT | IN . IN OUT

WELDING BACKGROUND
VOLTAGE 19.5 - |SETTING

WELDING
CURRENT
AMPS 85

CURRENT WIRE AUTO

SEITING 5.5 FEED PROCESS MANUAL x

VOLIAGE
TRIM
SETTING 1.0

REMOTE
PENDANT

WIRE POTENTIOMETER

- . SETTING
SPEED-IPM 245 2.5

TRAVEL
SPEED-IPM | 35. -,

C.30
HORIZONTAL

ATRCO PA-350 MACHINE SETTING




BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
.125" THICKNESS [5356 ALUMINUM ALLOY | PULSE SHORT ARC
5083 H~-323 3/64" DIAMETER (L0, JAR/CO, |
ALUMINUM ALLOY X

— SHIELD GAS FLOW RATE
75%BE/25ZAR | 40__CFH
PUSHBULLON SELECTOR SWLTCHES
1 2 3 |
OUT | IN . IN OuUT |
WELDING BACKGROUND
VOLTAGE 15 SETTING
WELDING
CURRENT
AMPS 105
- CURRENT WIRE AUTO
£ 3| SETTING 4.0 FEED PROCESS|.oomar X
g&[ VOLTAGE
Bl TRIM
SETTING 0
WIRE POTENTIOMETER
SPEED-IPM 280 SETTING 3.0

TRAVEL
SPEED-IPM 20. - o
C46
OVERHEAD

ATRCO PA-350 MACHINE SETTING



BASE WIRE TYPE & v
| MATERTAL DIAMETER PROCESS SELECTOR
[-250™" THICRNESS |5556 ALUMINUM ALLOY | PULSE SHORT ARC
5086 H-116 3/64" DIAMETER L0, _JAR/LO
ALUMINUM ALLOY X
—_ SHIELD GAS FLOW RATE
754HE/25%AR | 40 _CFH
PUSHBULTON SELECTOR SWITCHES
T 2 I
%ﬁ'ﬁ’f ng il
WELDING BACKGROUND
VOLTAGE 16 SETTING
WELDING
CURRENT
AMPS 150
CURRENT WIRE AUTO
B8l sETTING | _ . ¥EED PROCESSI. N
&= 5.5 = TUTSS | MANDAL X,
§ 2] VOLTAGE
o TRIM
SETTING | .5
WIRE POTENTIOMETER
SPEED-IPM 362 SETTING 4.0
TRAVEL
SPEED-IEM 11.5.. ... e
D.8
VERTICAL~UP
1 PASS

ATRCO PA-350 MACHINE SETITING




BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
250" THICKNESS | 5556 ALUMINUM ALLOY | PULSE SHORT ARC
5086-H116 3/64" DIAMETER L0, _JAR/CO
ALUMINUM ALLOY X

SHIELD GAS FLOW RATE

IOABELASZAR— | 100% HE 100 _CFH

PUSHBUTTON SELECTOR SWITCHES

1 2 3 A ,

OUT | IN , IN ouUT |
WELDING BACKGROUND
VOLTAGE 14.5 SETTING NA
WELDING
CURRENT

AMPS 149
| CURRENT WIRE  |AUTO
ZE SETTING 4.25 FEED PROCESS MANTAL X.
=2 VOLTAGE
B8l rrm

=%}
SETTING 0
WIRE POTENTICOMETER
SPEED-IPM 327 SETTING 3.5

TRAVEL
QPRI TDM ~ 2 _
fatadammediieuase Fs 7 e e —

D-10
HORTZONTAL

ATRCO PA-350 MACHINE SETTING




BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
. 250" THICKNESS | 3/64" DIAMETER PULSE SHORT ARC
5086 H-116 5356 ALUMINUM ALLOY COVER &0, _lan/Lh.
ALUMINUM ALLOY . X ROOT X
] ~ SHIELD GAS FLOW RATE
75ZHE/ 25%AR. | X | 40 CFH
"J" GROOVE
PUSEBUTTON SELECTOR SWITCEES
1 2 3 A _
ouT OUT{. IN [ OUT |
POSITION OVERHEAD
WELDING BACKGROUND
VOLTAGE 14 26.2 SETTING 0
WELDING
CURRENT e ama
- AMPS 158 1138
COVER
e CURRENT WIRE AUTO | X
§§ SETTING { 4.5 5.0 FEED PROCESS|ROQT: | o
EE VOLTAGE
o TRIM
SETTING | O 0
m P I ROOT COUVRER
SPEED-IPM 290 375 R S
TRAVEL
SPEED-IPM | 20.7 15.3 T
"L S /-I\\ —
50 g E% §
T \J 1'\fL
i s l ‘MD [\
D=35

ATRCO FA-350 MACHINE SEITING



BASE

WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
5086 H-116 3/64" DIAMETER PULSE __ | SHORL AR
.250" THICKNESS | 5356 ALUMINUM ALLOY X e e AP
ALUMINIM ATLOY
SHIELD GAS FLOW RATE
75%BE/25%ZAR [X | 40 CFH
"J" GROOVE
PUSHBUTTON SELECIOR SWLTCHES
1 1 2 3 A _
"UrEa o oo}
POSITION FLAT MECHANIZED
WELDING BACKGROUND
VOLTAGE 24.8  26.5 SETTING 0 0
WELDING
CURRENT
AMPS 92 124
e CURRENT WIRE AUTO X
&g SETTING | 3 s 5.5 FEED PROCESS MANUAL
g% VOLTAGE
2 TRIM i
SETTING | O Q
WIRE POTENTIOMETER
SPEED~-IPM 234 314 SETTING 0
TRAVEL
SPEED-IPM 12.2 ..16-
AUTO
BUG-0 C.5 C.5
< N
y 3
A 757
D.28
AIRCO PA-350 MACHINE SETTING



BASE WIRE TYPE &
| MATERIAL DIAMETER PROCESS SELECTOR
250" THICKNESS |5556 ALUMINUM ALLOY | PULSE SHORT ARC
5456 H-116 3/64" DIAMETER [CO,_ TAR/CO |
ALUMINUM ALLOY X
] SHIELD GAS FLOW RATE
754HE/252AR X | 40 ~ CFH
PUSHBUTLON SELECTOR SWLITCHES
T 2 3 |
OUT | IN - IN OUT
WELDING 'BACKGROUND
VOLTAGE 18 SETTING
WELDING
CURRENT
AMPS 115
CURRENT WIRE AUTO
MEl  sETTING FEED PROCESS Z
5% 5.5 MANUALI A
é“; VOLTAGE
& TRIM
SETTING 1.0
WIRE POTENTIOMETER
SPEED-IPM 305 SETTING -
TRAVEL
SPEED-IPM . 9.3 N
E-7
YERTICAL-UP
1 PASS

ATRCO PA-350 MACHINE SETTING

242



BASE WIRE TYPE &
MATERTAL DIAMETER - PROCESS SELECTOR
250" THICKNESS PULSE SHORT ARC
5456-H116 5556 L0, AR/CO,
ALUMINUM ALLOY | 3/64" DTAMETER X
— SHIELD GAS FLOW RATE
ISZEE/2SZAR. | 1007 HE 100_CFH
~ PUSHBUITON SELECTOR SWITCHES
1 2 3 A |
OUT | IN . IN OUT |
WELDING _ |BACRGROUND
VOLTAGE 14.5 SETTING NA
WELDING
CURRENT
AMPS 156
1ol  CURRENT WIRE  [AUTO
£3| SETTING 4.25 FEED PROCESS MANTAL] X
é; VOLTAGE :
> TRIM
SETTING 0
WIRE POTENTIOMETER.
SPEED-IPM 343 SETTING 3.5
TRAVEL
SPEED-TPM 8.5. ... . .._. _
E-33
HORIZONTAL

AIRCO PA-350 MACHINE SETTING
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BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
.250" THICKNESS | 3/64" DIAMETER PULSE SHORT ARC
5456 H~-116 5356 ALUMINUM ALLOY COVER <_ﬂ_.k_a_co AR/C0,
ALUMINUM ALLOY i < 00T X
— SHIELD GAS FLOW RATE

75&BE/ 25%AR | ¢ | 40 CFH

"J" GROOVE

PUSHBUTTON SELECTOR SWITCHES

1 2 3 % _
| OUT | QUT|. IN QUT |
WELDING BACKGROUND
VOLTAGE 14 26.2 . |SETTING . 0
WELDING
CURRENT
50
AMPS 1 105
COVER
el CORRENT WIRE AUTO _Ix
gz SEITING | 4,25 4.75 FEED PROCESS{yiymar | X
gé‘ VOLTAGE
- TRIM 0 0
SETTING
WIRE POTENTIOMETER
SPEED-IPM 348 282 . SETTING ROOT COVER
3,75 AIITQ
TRAVEL
SPEED-IPM | 20.5 13.6 o
l o
-a50 g &S é
I '|.3&5rj‘
E~37

ATRCO PA-350 MACHINE SEITING
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BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
.250" THICKNESS |3/64" DIAMETER PULSE SHORT ARC
5456 H-116 5356 ALUMINUM ALLOY £0, __1AN/L0, 3
ALUMINUM ALLOY X

SHIELD GAS FLOW RATE

7SAHE/25%AR [ X | 40 CFH e«

" 3" GROOVE
PUSHBUTTON SELECTOR SWLICHES
1 2 3 A
OUT oUT|. IN OUT
POSITION FLAT MECHANTZED
WELDING BACKGROUND
VOLTAGE 24.5 26.8 SETTING 0
WELDING
CURRENT
oo 98 125
CURRENT WIRE AUTO |x
M8l  SETTING 3.5 5.5 FEED PROCESS
¥ MANTAL
Z 2 VOLTAGE
52 TRIM
serrme | 0 O
WIRE POTENTIOMETER
SPEED-IPM 220 300 SETTING AUTO
TRAVEL
SPEED-IPM 12.5 15.5 -
AUTO
BUG-0 D I
&
a0 = ¥
T Ao
E-35

ATRCO PA-350 MACHINE SEITING
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~ BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
250" THLCKNESS |5556 ALUMINUM ALLOY | PULSE SHORT ARC
5083 H-321 3/64" DIAMETER ({0 PR F-Y:VAC VP
ALUMINUM ALLOY X
— SHIELD GAS FLOW RATE
JSREE/25%AR | 40 CcFH
TUSHBDTTON SELECTOR SWLLCHES
T Z 1|3 {4 1
o ot |
WELDING BACKGROUND
VOLTAGE 15.7 SETTING
WELDING
CURRENT
AMPS 130
2| CURRENT WIRE AUTO
£E| SETTING 5.0 FEED PROCESS |yyuymar [
E‘; VOLTAGE
gl TRIM
SETTING 0
WIRE POTENTIOMETER.
SPEED-IP SETTING
" 330 3.5
TRAVEL
SPEED-IPM
R -32-- et _
F-3
VERTICAL-UP
1 PASS

ATRCO PA-350 MACHINE SETTING
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BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
250" THICKNESS PULSE SHORT ARC
5083 H-321 5556 ALUMINUM ALLOY L0, JAR/CO,
ALUMINUM ALLOY 3/64" DIAMETER X
SHIELD GAS FLOW RATE
ForlR/25%AR | 1007 HE 100 _CFH
“PUSHBUITON SELECTOR SWITCHES
1 2 3 A |
OuT | IN |, IN ouT |
WELDING 'BACKGROUND
VOLTAGE 14.5 SETTING NA
WELDING
CURRENT
AMPS 145
. CURRENT WIRE AUTO
G -
= SETTIN 4.5 FEED PROCESS ManAL] X
E% VOLTAGE
o TRIM
SETTING 0
WIRE POTENTIOMETER.
SPEED-IPM 333 SETTING 3.5
TRAVEL
. SPEED-TPM 10.2... .. e
F-13
HORIZONTAL

ATRCO PA-350 MACHINE SETTING
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BASE
MATERTAL

WIRE TYPE &
DIAMETER

PROCESS SELECTOR

.250" THICKNESS
5083 H-321

3/64" DIAMETER

5356 ALUMINUM ALLOY

PULSE SHORT ARC

COVER CO2 A.R/CO2 ;

ALUMINUM ALLOY X X_ROOT.
] SHIELD GAS FLOW RATE
7SZHE/25%AR X | 40 _CFH
"3 cROQVE
PUSHBUTTON SELECTOR SWITCHES
1 2 3 % |
ouT oUT]. IN OUT |
POSITION OVERHEAD
WELDING BACKGROUND
VOLTAGE 14 25 SETTING 0 0
WELDING
CURRENT
AMPS 158 96
LOVER
. CURRENT WIRE - AUTO X
. . OO0L
EZ SETTING | 4.5 3.5 FEED PROCESS duaL| X
é% VOLTAGE
& TRIM
serTmNG | O 0
WIRE POTENTIOMETER
SPEED-IPM 370 230 SETTING , AUTO
TRAVEL
SPEED-IPM 21.5 ... 15.6 o
ﬂs&[z—
2 PASS. ¥ a
A% = & 2

AIRCO PA-350 MACHINE SETTING

NnLo



BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
.250" THICKNESS 3/64" DIAMETER PULSE SHORT ARC
5083 H-321 5356 ALUMINUM ALLOY (O PR 13- T4 P
ALUMINUM_ALLOY X

SHIELD GAS FTLOW RATE
B e T AN
75%ZBE/25%AR | X | _40 CFH
- "J'll GRQOVE
PUSHBULTON SELECIOR SWLTCEES
e e
00T OUT]. IN oUT
POSITION FLAT MECHANIZED
WELDING BACKGROUND
VOLTAGE 245 26.8 SETTING 0
~ WELDING
CURRENT

AMPS 98 125
mp| CURRENT WIRE AUTO |x
Bz SETTING 3.5 5.5 FEED PROCESS 1\ AL
Z 2 VOLTAGE
ém ool ? 4

B LI 0 0
SETTING
WIRE POTENTIOMETER
SPEED-IPM 220 300 SETTING  AyTO
TRAVEL
SPEED-IPM | 12.5 ... 16 )
AUTO
BUG—0 D G.25 | ]
e b J
——)1.5\5 l—é——
Y —
250 =
- L\ \-l/l -
F-29 l

ATRCO PA-350 MACHINE SETTING
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BASE WIRE TYFE &
MATERTAL DIAMETER PROCESS SELECTOR
35" THICKNESS 3/64™ DIAMETER PULSE SHORT ARC
5086 H-116 5356 ALUMINUM ALLOY [2 thru 6 [CO5 _an/ily
ALUMINUM ALLOY X ___X RoOT
SHIELD GAS FLOW _RATE
75%HE/25%ZAR | | _ 40 CFH
"J" GROOVE

PUSHBUTTON SELECTOR SWITCHES

1 2 3 i 4
o e S o

POSITION VERTICAL
WELDING 17.5 26.5 26.5 |BACRGROUND
VOLTAGE 26.5 26 26 - |SETTING 0
WELDING 145 130 120
CURRENT 120 110 110
AMPS
7=%
CURRENT | 6 6 5 WIRE AUTO | X |
&5 SETTING |3 4.5 4.5 FEED PROCESS|.R00T
52 JANUAL| X
ég VOLTAGE
g TRt |1 0 0
SETTING | O 1 1
WIRE 370 327 290 POTENTIOMETER
- . SETTING ROOT AUTO
SPEED-IPM 290 272 272 b 5 them £
TRAVEL 25.5 12.9  19.1
SPEED-IPM | 19.1 18.3  18.3

WELD SEQUENCE 1

v N
W

*4)

w0

ATRCO PA-350 MACHINE SETTING

28N



BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
PULSE SHORT ARC
;55;823}11(31;‘;235 3/64" DIAMETER 2 TnTT 6 (L0, JAR/CO. |
SHIELD GAS | FLOW RATE
[ 75AHE/25%AR 100% HELIUMIY 40 CFH
"J"_GRQOVE

PUSHBUTTON SELECTOR SWITCHES

T 2 3 |
jouT g OUT|. IN OUT |

POSITION HORTZONTAL

WELDING 17.8 27.2 26 |BACKGROUND

VOLTAGE 26 28 28 |SETTING 0

m,g 145 138 115

AMPS 115 120 120 e
o GURRENT 6 7 5 WIRE AUTO X

RUUT

2| sErTmvG | S 5 5 FEED PROCESS|SA0T.r [
é% VOLTAGE | 1 0 0

@l rRIM 0 2 2

SETTING
WIRE 412 367 290 POTENTIOMETER
_ 290 290 ROOT  AUTO
SPEED-IPM 9 230 SETTING 770" 5 thru 6|
TRAVEL 24 15 17.9
SPEED-TPM | 17.9.18.7 18.7 —
WELD SEQUENCE: 1 2 3
4 5 6

ATRCO PA~-350 MACHINE SETTING
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BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
5086-H116 " s PULSE SHORT ARC
L" Thick 3/64" Dia. 9—5 105 701
ATUMTNIM ALLOY 5356 ALUMINUM ALLOY | X =1 X rodt
] SEIELD GAS FLOW RATE
7SREE/ 25%AR XX | 40 CFH
"I" Groove
PUSHBUTTON SELECIOR SWITCHES
1 2 3 A _
OUT OUT{. IN OUT |
POSITION OVERHEAD
WELDING 16.1 26.1 27.4 |[BACRKGROUND
VOLTAGE 27.2 27.2 . ISETTING 0
WELDING )
150 120 132
CURRENT 128 128 ’
AMPS
CURRENT | 5.5 5.0 6.5 WIRE A%E% X
£ £t 6 6 TOOC
£5 SETTING FEED PROCESS|, i, | X
=2 VOLTAGE
Bz 1 00
a| TRIM .5 .5
SETTING
WIRE 385 290 350 POTENTIOMETER _
SPEED-IPM 325 325 . SETTING , o= A{?itg,
TRAVEL 21 12.7 12.9
_s_pzzn:-mu ) 19,.1 _19.1 i

Weld Sequence 123

P
= —

4 El

A

G-16

ATRCO PA-350 MACHINE SETTING

g9




BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
5086-H116 3/64" Dia PULSE SHORT ARC
g Thick 5356 ALOMINUM ALLOY 20  [ore——i=tia—
ALUMINUM ALLOY g X root %

— SHIELD GAS FLOW RATE
754HE/25%AR X | 40 _CFH
"I" Groove
PUSHBUTTON SELECIOR SWLLCHES
1 3 G|
8 OUT K OUT|. IN OUT |
POSITION OVERHEAD
WELDING 16.5 26.8 27.2 |BACKGROUND
VOLTAGE 27.2 28 SETTING 0
WELDING 145 132 125
CURRENT 128 130
AMPS
| cmmr| 55 60 60 WIRE i Ix
6.0 6.0 Ra{e]o}

gz| SEIIING FEED PROCESS|yiymar|x
g VOLIAGE | ; o

gl TRIM 5

SETTING
WIRE 375 325 325 POTENTIOMETER

SPEED~IPM 325 325 . SETTING 4798 %23,

TRAVEL 24 14.7 12.9
SPEED-IPM 19.1 . 19.1 o
Weld Sequence 1 2 3 \l.56|<

. 4 5 \L QQ |
1 N\
£
G-17 ' 4y 8 3

AIRCO PA-350 MACHINE SETTING

Nnen



BASE WIRE TYPE &
MATERIAL DIAMETER PROCESS SELECTOR
.50" THICKNESS | 5356 ALUMINUM ALLOY |2UbSE | SHORT ARC
5_086 H~116 3/64" DIAMETER e e N~

ALUMINUM ALLOY X
"J'* GROOVE )
SHIRLD GAS FLOW RATE
7S4HE/ 254AR | X | 40 CFH
PUSHBULLON SELECIOR SWLITCHES
1 2 3 A .
oUT | IN . IN OUT |
POSITION FLAT
WELDING 12 3 4 5 I|BACKGROUND 5.0
VOLTAGE 22 26 27.2 26.2 27.5{SETTING
WELDING
CURRENT 1 2 3 4 5
AMPS 122 152 165 155 165
e CURRENT |1 2 3 4L 5 WIRE AUTO
§5 SETTING | 4 5.5 6 5.5 6 |FEED PROCESS|yyar |
(=)
2| VOLTAGE
SETTING iV I'4 A L L
WIRE 1 2 3 & 5 POTENTIOMETER s 4
- ETTING 5
SPEED-IPM  [300 320 408 368 402 SETTING o5 4 4.5 4 4.5
TRAVEL 1 2 3 4 5.
SPEED-IPM 24.7' ) ’]:6.8 16.8_ 22.1 19.1

ATRCO PA-350 MACHINE SETTING

o




BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
1" THICKNESS 3/64" DIAMETER PULSE SHORT ARC
5456 H-116 5356 ALUMINUM ALLOY 2-5 CU; _[AR/CU,
ALUMINUM ALLOY X ROOT X
SHIELD GAS FLOW RATE
7SZHE/25%AR | X | 40 CFH
11 J" G’ROOVE
PUSHBUTTON SELECTOR SWITCHES
1 2 3 ] &
OUT | IN out ot
POSITION VERTICAL
WELDING 17.5 25 26.8 |BACRGROUND
VOLTAGE 27.1 27.1 SETTING 0
WELDING 145 125 130
CURRENT 122 122
AMPS
Z=5
o e CURRENT g ; 6 WIRE AUTO |X
ROOT
§E SETTING FEED PROCESS| 00T Tx
S~ VOLTAGE
QE TRIM i g 0
SETTING
WIRE 370 290 335 POTENTIOMETER
SPEED-IPM 292 292 . SETTING ROOT  2-5
4 AUTO
TRAVEL :
24 11.2'12
SPEED-TPM 14.2 .15.9 .
WELD SEQUENCE 1 2 3
4 5

H=-5

3{)’.5&]'@5— 3

!
=

=

ATRCO PA-350 MACHINE SETTING
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H-1

BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
PULSE SHORT ARC
3" THICKNESS 3/64" DIAMETER o 0 AR/
5456 H-116 5356 ALUMINUM ALLOY 2 2
ALUMINUM ALLOY X X_ROOT
SHIELD GAS FLOW RATE
754BE/254AR | 100% HE | X 40 CFH
"J" GROOVE
PUSHBUTTON SELECIOR SWITCHES
1 2 3 4
oUT | IN OUT oUT
POSITION HORIZONTAL
WELDING 16 26 29 BACKGROUND
VOLTAGE 26.8 26.8 27 SETTING 0
WELDING
CURRENT 135 118 135
AMPS 130 130 125
2-6
we CURRENT 6 5 7 WIRE AUTO |+
_ROOYT
§% SETTING { 5.5 5.5 5.5 FEED PROCESS “TANTAL| x
2] VOLTAGE
Bz 1 0 1
SETTING
WIRE 380 290 372 POTENTIOMETER
- 312 312 312 . GROOT  2-6
SPEED-IPM SETTIN A Ao
TRAVEL 20.5 19.1 13.5
SPEED-TPM 16.8 14,2 26.3 -
WELD SEQUENCE 1 2 3
& 5 6

SN2

ATRCO PA-350 MACHTNE SETTING

oL
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BASE WIRE TYPE &
MATERTAL ) DIAMETER PROCESS SELECTOR
L THLCKNESS 3/64" DIAMETER PULSE SHORT ARC
5456 H-116 5356 ALUMINUM ALLOY 2-5 CO,__TSR/CO;
ALUMINUM ALLOY X ROOT X
— SHIELD GAS FLOW RATE
75%HE/25%AR[ X | 40 CFH
"J" GROOVE
PUSHBUTTON SELECIOR SWLTCHES
1 2 3 %
OUT | IN OUT oUT
POSITION OVERHEAD
WELDING 16 25 27 BACKGROUND
VOLTAGE 27.2 27.2 SETTING 0
CURRENT“ELm 150 '125 125
132 132
AMPS
2-5
e CURRENT | 5 5 6 WIRE AUTO |X
ROOT
=B SETTING | 6 6 FEED PROCESS|ROOT 1o
5% VOLTAGE
= TRIM 1 0 .5
SETTIN 1 1
WIRE 390 290 330 POTENTIOMETER
- SETTING ROOT 2-5
SPEED-IPM 314 314 e 50
TRAVEL 20 12.4 12.2
SPEED-IPM 16.2 16.2_ .
WELD SEQUENCE 1 2 3
4 5

LY

ATRCO PA-350 MACHINE SETTING




BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
;™ THICKNESS 3/64" DIAMETER PULSE SHORT ARC
5456 H-116 5356 ALUMINUM ALLOY C0,__TAR7CO.
ALUMINUM ALLOY X
SHIELD GAS FLOW RATE-
754HE/254AR | X | 40_CFH
"I" GROOVE
PUSHBUTTON SELECTOR SWITCHES
1 2 3 A
OUT | IN OUT OUT
POSITION FLAT MECHANIZED
WELDING 25.2 27 29 BACKGROUND 5 5 5
VOLTAGE 27.5 27.5 SETTING 5 5
WELDING 147 140 148
CURRENT 122 122
AMPS
e CURRENT | 4 6.5 7.5 WIRE AUTO
6
= SETTING 6 FEED PROCESS JANUAL|X
Z81 VOLTAGE
HE TRIM
="
serTmNg | O
WIRE 358 370 370 POTENTIOMETER .
SPEED-IPM 300 300 . SETTING 425 3 0
TRAVEL 19.5 12.5 12.5 BUG-0 J.5 D D
SPEED-IPM 17.2 17.2 . ._|SETTINGS H H
WELD SEQUENCE 1 2 3
4 5 Y
-
2 =
H-6 1\

ATRCO PA-350 MACHINE- SEITING




BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
"  THICKNESS 3/64"™ DIAMETER PULSE SHORT ARC
5083 H~321 5356 ALUMINUM ALLOY | 2-6 (HOPU EV-VASOR
ALUMINUM ALLOY X ¥ ROOT
SHIELD GAS FLOW RATE
75ZHE/25%AR} X | 40 CFH
"J" CROOVE
PUSHBUTTON SELECTOR SWLTCHES
1 2 3 A
OuT | IN oUT OUT
POSITION VERTICAL-UP
WELDING 17 26 26 BACKGROUND
VOLTAGE 26 25.8 25.8 SETTING 0
mum 140 130 118
AMDS 118 112 110
| CURRENT 6 6 5 WIRE fifo X
SETTING . . -
§§ TT 5 4.5 4.5 rmmoczssmALx
§§ Vgllg‘{GE 1 0 o0
WIRE 372 325 290 POTENTIOMETER
SPEED-IPM 290 275 275 SETTING ROOT  2-6
4,0 AUTO
TRAVEL 22.1 11.8 16.8
SPEED-IPM 19.1 15.8 16.5 o
WELD SEQUENCE 1 2 3
4 5 6

!

4

ZJ&"

Y =

N

ATRCO PA=-350 MACHINE SETTING




BASE WIRE TYPE &

MATERTAL DIAMETER PROCESS SELECTOR
1" THLCKNESS 3/64" DIAMETER PULSE SHORT ARC
5083 H-321 5356 ALUMINUM ALLOY | 2-6 £0, __1aR/CU,
ALUMINUM ALLOY : |_X X_ROOT

SHIELD GAS FLOW RATE
75%HE/25%AR | 1004 HE | X 40 CFH
"J" GROOVE
PUSHBUTTON SELECTOR SWLTCHES
1 2 3 A
OUT | IN OUT OUT

POSITION HORIZONTAL

WELDING 16.2 25.8 28.2 BACKGROUND

VOLTAGE 27.5 27.8 27.8. |sETTING 0

WELDING 138 120 138

CURRENT 135 133 134

AMPS

76
1o CURRENT 2 2 2 WIRE ATt |
RUOL

§§ SETTING FEED PROCESS|XOT T

fom )
Hg| VOLTAGE | | 0 0 o

e TRIM 1 1 1

SETTING
WIRE 380 295 372 POTENTIOMETER
SPEED-IPM 332 332 332- SETTING ROOT 2-6
4 AIITQ

SP%‘_’%M 20.5 19.1 13.1

e 17 -12.9 26.3 -

2
WELD SEQUENCE 1 2 3 AU 6 l
4 5 6 ;

I-21

ATRCO PA-350 MACHINE SETTING
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BASE WIRE TYPE &
MATERTAL DIAMETER PROCESS SELECTOR
1T THICKNESS 3/64" DIAMETER PULSE SHORT ARC
5083 H~321 5356 ALUMINUM, ALLOY 2-6 L0, _{aR/L0,
ALUMINUM ALLOY X ¥ ROOT
SHIELD GAS FLOW RATE
75ZBE/25%AR[ X | 40_CFH
7" GROOVE
PUSHBUTTON SELECTOR SWITCHES
1 2 3 A
ouT | IN OUT OUT
POSITION OVERHEAD
WELDING 15.8 26.5 26 BACKGROUND
VOLTAGE 26  26.5 26.5 . |SETTING 0
WELDING
145 132 118
CURRENT 118 105 105
AMPS
2=b
e - WIRE LAUTO
§5§ SETTING . . FEED PROCESS ﬁ%ﬁHkL
[=)
S VOLTAGE
o B A
SETTING
WIRE 390 328 290 POTENTIOMETER
SPEED~IPM 290 275 275 SETTING ROOT  2-6
4,925 AIITO
srﬁz%w 21 12.6 17.6
SERRL=LEL 17.6 13.9- 13.9 -~
WELD SEQUENCE 1 2 3
4 5

T-16

=

1\ a35 »{.sesl-v‘ . 1

ATRCO PA-350 MACHINE SETTING
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WIRE FEED SPEED VS. DIAL SETTINGS
3/64" DIAMETER 5556 ALUMINUM ALLOY FILLER WIRE

GILLILAND MTG 4001 FEEDER; MTG 2000 GUN



o]

BASE MATERIAL ALLOY
e

FILLER WIRE DIAMETER
(INCH)

GILLILAND MACHINE SETTING MATRER

VERTICAL=-UP HORIZONTAL OVERHEAD _ FLAT
.063" g
5086 XX XX 3356
H-32
- 5556
.100" 5356
5086 X
H-32
3 5556
XX
125" XX 5356
5083
H-323
X2 X 5556
.250" 5356
5086
B-116 {_
3 5556
.250" 15356
5456
H-116 :
5556
250 $ 5356
5083
H-321
5556
.500" X 5356
5086 A
H-116
5556
.500" 5336
5456
H-116
5556
.500" XX 5356
5083
H-321
5556
[ 3 | 1 3 | 1] 3 1 il
030 L035[64 | T6 {030 |.035{64 |T6 l030l.035[64 |16 o030 }.0351 5z 116

X0TIV TUIM YITIIA



BASE WIRE TYPE & PULSE
MATERIAL DIAMETER PROCESS SELECTOR
.063" THICKNESS 120 60
5086 H-32 5356 ALUM. ALLOY X
ATUMINUM ALIQY 045" NTAMETER
SHIELD GAS FLOW RATE
T 7SZHE/25%AR | X | 40 CFH
SELECTOR _SWTTCHES
EXTRA LOW NORMAL
SRR STABILIZER - LOW
D' D D ENERGIZER - QFF
WELDING _
VOLTAGE 9.8 -
WELDING
CURRENT
AMPS 42
POSITION .
VERTICAL-UP
VOLTAGE BACKGROUND - PEAK
SETTING 2.0 4.75
WIRE POTENTIOMETER
SPEED-IPM 110 SETTING o
TRAVEL
SPEED-IPM 19

MIG - 2000 ~ FEEDER

MIG - 4001 - AIR-COOLED GUN
400 AMP..

MACHINE SETTINGS

nrz

FOR

GILLILAND CV 600 FI-PA -




BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
.063" THICKNESS | 3/64" DIAMETER 120 60
5086 H-32 5356 ALUMINUM ALLOY %
| ALUMINUM ALLOY :
SHIELD GAS FLOW RATE
T 75%8BE/25%AR | X1 %0 CFH
SELECTOR SWITCHES
EXTRA LOW NORMAL
O D | STABILIZER - LOW
- ENERGIZER — OFF
WELDING
VOLIAGE 13.5 -
WELDING
CURRENT
AMPS 50
POSITION| - .
MECHANIZED FLAT
VOLTAGE BACKGROUND PEAK
SETTING 3.5 4.25
WIRE POTENTIOMETER
SPEED-IFPM 130 SETTING 37
TRAVEL
SPEED-IFM 24.5
AUTO L.75
MTG - 2000 - FEEDER BUG-0 *
MTG - 4001 -~ ATR-COOLED GUN
400 AMP,
Al.34

MACHINE SETTINGS FOR
GILLILAND CV 600 FI-PA
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BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
.100" THICKNESS 120 60
5086 H-32 5556 ALUM. ALLOY
ALUMINUM ALLOY .035" DIAMETER X
SHIELD GAS "FLOW RATE
7S%HE/ 25%AR | X 40 CFH
SELECTOR_SWLTCHES
EXTRA LOW NORMAL
. STABILITY - HIGH
N D ] ENERGIZER - OFF
WELDING
VOLTAGE ie .
s )
WELDING
CURRENT
AMPS 50
POSITION )
VERTICAT.=ITP
..... 1 P
VOLTAGE BACKGROUND PEAK
WIRE POTENTIOMETER
SPEED-IPM 245 . SETTIN??ﬁ, 55
TRAVEL
SPEED-TPM
15,8

MTG - 2000 - FEEDER
MIG - 4001 - ATR-COOLED GUN

266




BASE WIRE TYPE & PULSE
MATERIAL DIAMETER PROCESS SELECTOR
100" THICKNESS 120 60
5086 H-32 5556 ALUM. ALLOY
ALUMINUM ALLOY | ,035" DIAMETER X
SHIELD CAS FLOW RATE
TS%HE/ 254AR | X1 40 CFH
SELECTOR _SWITCHES
EXTRA LOW NORMAL
o ENERGIZER ~ OFF
Oo0Oog STABILIZER - HIGH
WELDING
VOLTAGE 16.9 .
WELDING -
CURRENT
AMPS 56
POSITION )
VERTICAL-TP
VOLTAGE BACKGROUND PEAK
SETTING 4.0 5.25
WIRE POTENTIOMETER
SPEED-IPM 245 SETTING 55
TRAVEL
SPEED-IPM 18

MIG — 2000 ~ FEEDER -
MTIG - 4001 - ATIR-COOLED GUN

400 AMP.

MACHINE SETTINGS FOP.

GILLILAND CV 600 FI-PA -
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BASE WIRE TYPE & PULSE
MATERTAL DIAMETER ’ PROCESS SELECTOR
.100" THLCKNESS _ 120 60
5086 H-32 5556 ALUM. ALLOY
ALUMINUM ALLOY .035 " DIAMETER X
: SHIELD GAS FLOW RATE
7SZHE/25%AR |X | Z0 CFH
SELECTOR_SWITCHES
EXTRA LOW NORMAL
L ENERGIZER - OFF
ogoog STABILIZER - HIGH
WELDING
WELDING
CURRENT
AMPS 53
POSITION .
VERTICAL-UP
VOLTAGE BACKGROUND PEAR
WIRE POTENTIOMETER
TRAVEL
SPEED-IPM 18.3

MTG - 2000 - FEEDER
MIG - 4001 -~ ATR-COOLED GUN
400 AMP.

MACHINE SETTINGS FOR
GILLILAND CV 600 FI-PA

Nzo




BASE WIRE TYPE & PULSE
MATERTAL DIAMETER _ PROCESS SELECTOR
~T00™ THICRNESS | 3/84™ DIAMETER 120 60
5086 H-32 5356 ALUMINUM ALLOY
ALUMINUM ALLOY X
) SHIELD GAS FLOW RATE
~ 75%HE/25%AR | X | 40 CFH
SELECTOR SWLTCHES
EXTRA LOW NORMAL
. STABILIZER - LOW
ogog ENERGIZER — OFF
WELDING
VOLTAGE 16.5 .
WELDING
CURRENT €0
AMPS
POSITION| /¢ CHANIZED FLAT
VOLTAGE BACKGROUND PEAK
SETTING 4.0 6.5
WIRE POTENTIOMETER
SPEED-IPM 150 SETTING 38
TRAVEL
SPEED-IPM 22
AUTO
MTG - 2000 - FEEDER BUG-0 | K.25
MTG - 4001 - ATR-COOLED GUN
400 AMP.
B.77

MACHINE SETTINGS FOR

GILLILAND CV 600 FI-PA

nNen




BASE WIRE TYPE & PULSE
MATERIAL DIAMETER ©  PROCESS SELECTOR
125" THICKNESS 120 60
5083 H-323 5556 ALUM. ALLOY
ALUMINUM ALLOY 035 DIAMETER X
SHIELD GAS FLOW RATE
7S%HE/ 254AR 1% | : %0 CFH

SELECTOR SWLTCHES

EXTRA LOW NORMAL
. STABILIZER ~ HIGH
-[:] [:] [:] ENERGIZER ~ OFF
WELDING
VOLTAGE 20.2 -
WELDING
CURRENT
AMPS 68
POéITION .
VERTICAL-UP
VOLTAGE BACKGROUND PEAK
SETTING 4.75 5.5
WIRE POTENTIOMETER
SPEED-IPM 350 . SETTING 65
TRAVEL
SPEED-IPM 15.8

MIG - 2000 — FEEDER |, -
MIG - 4001 — AIR-COOLED GUN
400 AMP.

MACHINE SETITINGS FOR
GILLILAND CV 600 FI-PA




BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
<125 THICKNESS 120 )
5083 H-323 5556 ALUM. ALLOY
ALUMINUM ALIOY | .035" DIAMETER X
SHIELD GAS FLOW RATE
75405/ 25%AR | X | 40 CFH
SELECTOR_SWTTCHES
EXTRA LOW NORMAL
T STABILIZER - HIGH
Ogo ENERGIZER ~ OFF
WELDING
VOLTAGE © 21,7 -
WELDING ~
CURRENT
AMPS 68
POSITION ]
VERTICAL-UP
VOLTAGE BACKGROUND PEAK
SETTING 5.0 6.0
WIRZ POTENTIOMETER
SPEED~IPM 350 SETTING s
TRAVEL
SPEED-IPM 18.4
MIG — 2000 - FEEDER .
MIG ~ 4001 -~ ATR~COOLED GUN
400 AMP,

MACHINE SETTINGS FOR
GILLILAND CV 600 FI~PA -
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BASE WIRE TYPE & PULSE
MATERIAL DIAMETER PROCESS -SELECTOR
125" THICKNESS 120 60
5083 H-323 5556 ALUM. ALLOY
ALUMINUM ALIOY | .035" DIAMETER X
— SHIELD GAS FLOW RATE
75%HE/25%AR | X | Z0 CFH
SELECTOR_SWITCHES
EXTRA LOW NORMAL
e STABILIZER — HIGH
D- B0 ENERGIZER - OFF
WELDING
VOLTAGE 20.5 -
WELDING -
CURRENT
AMPS 65
POSITION
HORIZONTAL
VOLTAGE BACKGROUND PEAK
SETTING 75 s 5.5
WIRE " |POTENTIOMETER
TRAVEL
SPEED-TIPM 18

MTG -~ 2000 - FEEDER
MIG - 4001 - AIR-COOLED GUN
400 AMP.

MACHINE SETTINGS FOR
GILLILAND CV 600 FI-PA




BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
.125" THICKNESS | 3/64" DIAMETER 120 60
5083 H-323 5356 ALUMINUM ALLOY : %
ALUMINUM ALLOY
SHIELD GAS FLOW RATE
T 75%8E/25%ZAR | X | 40 GFH
SELECTOR SWITCHES
EXTRA LOW NORMAL
. ENERGIZER - OFF
ogg STABILIZER- LOW,
WELDING
VOLTAGE 18.6 -
WELDING
CURRENT
AMPS 68
POSITION
MECHANIZED FLAT
VOLTAGE BACKGROUND PEAK
SETTING 4.5 6.75
WIRE POTENTIOMETER
SPEED~-IPM 175 SETTING 5,
TRAVEL
SPEED-IPM 16.2
AUTO
MTG - 2000 - FEEDER BUG-0 | &
MTG - 4001 - ATR-COOLED GUN
400 AMP.
C.67

MACHINE SETTINGS FOR

GILLILAND CV 600 FI-PA
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BASE WIRE TYPE & PULSE
MATERIAL DIAMETER PROCESS SELECTOR
5" THLCKNESS 3/64" DIAMETER 120 60
5086 H-116 5356 ALUMINUM ALLOY X
ALUMINUM ALLOY
"J" GROOVE _
SHIELD GAS FLOW RATE
T 75Z8E/25%ZAR | x| 40 CFH
SELECTOR _SWITCHES
EXTRA LOW NORMAL
ENERGIZER - LOW
m D . STABILIZER - OFF
WELDING 1 2 3 4 5
VOLTAGE 21.3 25.8 27.3 23 - 23
AMPS 120 155 176 116 117
g
POSITION| ..
JVOLTAGE | 1 2 BACKGROUND3 4 5 | P 2 3 4 5
SETTING | 5 5.5 6 5.25 5.255.5 6.595 7 6.56.%
WIRE 1 2 3 4 5 |POTENTI 4
SPEED-IPM 270 370 475 270 265 SETTINGZg 70 75 60 _é
TRAVEL 1 2 3 4 5
SPEED-IFPM 16.2 12.7 15 15.6  16.2
MTG - 2000 - FEEDER
MTG - 4001 - AIR-COOLED GUN
400 AMP.
5 PASS WELD

MACHINE SETTINGS FOR
GILLILAND CV 600 FI-PA
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BASE WIRE TYPE & PULSE
MATERIAL DIAMETER PROCESS SELECTOR
T -5 THICKNESS 3/64" DIAMETER 120 60
5083 H-321 5356 ALUMINUM ALLOY <
| ALUMINUM ALLOY
"J" GROOVE
SHIELD GAS FLOW RATE
T 75%BE/25%ZAR 1X | 40 CFH
SELECTOR SWITCHES
EXTRA LOW NORMAL
STABILIZER ~ LOW
O D D ENERGIZER - OFF
WELDING 1 2 3 4
VOLTAGE 24,5  29.8 30.2 30.4 °
WELDING
CURRENT 1 2 3 4
AMPS 154 180 148 152
POSTTION
FLAT
VOLTAGE 1 o BACKGROUND 4 s | PEAK
SETTING | 5.5° 6,25 6.5 651 3 7253 7%s
WIRE 1 2 3 4 POTENTIOMETER
) 2 3 4
SPEED-IPM 330 475 300 - 300 [SETTING.y ;¢ (z (s
TRAVEL
1 2 3 4
SPEED-IPM 16.8 13,1 23 18,3

MIG - 2000 -~ FEEDER
MIG - 4001 - ATR-COOLED GUN
400 AMP.

4 PASS WELD

FSOOF

i

MACHINE SETTINGS FOR
GILLILAND CV 600 FT-PA
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o]

BASE MATERIAL ALLOY
Lo

VERTICAL-UP HORIZONTAL OVERHEAD ___FLAT
5822" : ’ 5356
XX
H-32 L
5556
.100" %X 5356
5086
B-32
5556
.125" 2 5356
5083 X
H-323"
XX 5556
.250" 5356
5086
B-116 {_ -
¥ <% 5556
.250" {5356
5456
H-116 ‘
5556
.250% S 5356
5083
H-321
XX 5556
.500" 5356
5086
H-116
5556
.500" 5356
5456
H-116
5556
.500" A PG 5356
5083
H-321
5556
[ 311 3 |1 3 1 3] 1
030 L035[6% |16 1030 |.035{6% |16 {030 l.035[64 176 1030}.035l &zl T6

FILLER WIRE DIAMETER
(INCH)

MILLER MACHINE SETTING MATRIX -

A0TIV JIIM ¥ITTId



BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
.063" THICK .035" DIAMETER 120 60
5086 H-32 5356 ALUMINUM ALLOY
| ALUMINUM ALLOY Ve
SHIELD GAS FLOW RATE
T 75RBE/25%AR| X | 40 CFH

SELECTOR SWITCHES

ARC SUSTATNER  HIGH O
oW .
WELDING
VOLTAGE 18.7 :
WELDING
CURRENT
AMPS 39
CURRENT
PEAK
SETTING | 05
VOLTAGE
BAKK sprrmve | 15
WIRE
SPEED-TPM 170
TRAVEL
SPEED-TPH 12,1
POTENTIOMETER
SETTING
WIRE SPEED +60 TEN TURN

AIRCO AHF-NP-AH 35-~C2

MACHINE SETTINGS FOR
. MTLLER PULSTAR 450

278K




BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
- LU0 THLCK .035" DIAMETER 120 60
5086 H-32 5356 ALUMINUM ALLOY
| ALUMINUM ALIOY X
SHIELD GAS FLOW RATE
T 75%8E/25%AR] X | 40 CFH

SELECTOQR SWITCHES

ARC SUSTAINER HIGH O
TTow .
POSITION VERTICAL-UP
WELDING
VOLTAGE 20,4
WELDING
CURRENT
AMPS 58
CURRENT
PEAK
SETIING | ,5,
VOLTAGE
BACK SETTING | 16
WIRE
SPEED-IPM 264
TRAVEL
SPEED-IPM 17.1
POTENTIOMETER
SETTING
WIRE SPEED 1.25 TEN TURN

ATRCO AHF-NP-AH 35-C2

MACHINE SETTINGS FOR
. MILLER PULSTAR 450

279




SELECTOR SWITCHES

ARC SUSTAINER HIGH [J

TTLow

POSITION VERTTCAL-UP
WELDING
vom 23 o 0 -
WELDING
CURRENT
AMPS 75
PEACTRNE | 250
VOLTAGE
BACK SEITING | 21
WIRE
TRAVEL
TFM 20.5
POTENTIOMETER
SETTING

AIRCO AHF-NP-AH 35-C2

MACHINE SETTINGS FOR
. MILLER PULSTAR 450

29n

BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR .
,125" THICK .035" DIAMETER 120 60
5083 H-323 5356 ALUMINUM ALLOY
ATUMINUM ATIOY X
SHIELD GAS FLOW RATE
T 75%HE/25%AR | x | 40 CFH



SELECTOR SWITCHES

ARC SUSTAINER HIGH O

“Low I
POSITION VERTICALUP
WELDING
VOLTAGE 21.8 .
WELDING
CURRENT
AMPS 63
CURRENT
PEAK
SETTING | 499
VOLTAGE | .
BACKserrmvG | 1
WIRE
SPEED-IPM 270
TRAVEL
SPEED-~-IPM 17.1
POTENTIOMETER
SETTING 340
WIRE SPEED

M & K COBRAMATIC

MACHINE SETTINGS FOR
. MILLER PULSTAR 450

281

BASE WIRE TYPE & POLSE
MATERTAL DIAMETER PROCESS SELECTOR .
<1Z25" THICK .035" DIAMETER 120 60
5083 H-323 5356 ALUMINUM
| ALUMINIM _ALLOY X - -
SHIELD CGAS FLOW RATE y
T 75%8E/25%2R [X | 40 _CFH ——-



BASE WIRE TYPE & POLSE
MATERTAL DIAMETER PROCESS SELECTOR
. T25" THICKNESS| 5556 ALUMINUM ALLOY | 120 60
5083 H-323 3/64" DIAMETER
ALUMINUM ALLOY X
SHIELD GAS. FLOW RATE
7SRHE/ 25%AR | X | 40 _CFH
SELECTOR SWITCHES
ARC SUSTAINER HIGH B
TTrnow O
POSTTION MECHANIZED FLAT
WELDING
VOLTAGE 21.2
WELDING
CURRENT
AMPS 70
Ecunmu' :
msmrvmc 250
¥VOLTAGE
SSETTING | 17
WIRE
SPEED-IPM 170
TRAVEL
SPEED-IFM 16.1
POTENTIOMETER
SETTING 20
[AUTO
L BUG-0 G
C.68. ATRCO AHF-NP-AH 35-C2
C. 69
C,70

MACHINE SETTINGS FOR
. MILLER PULSTAR 450
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MACHINE SETTINGS FOR

. MILLER PULSTAR 450

27Q7

BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR s
5086 H-116 3/64" DIAMETER 120 60
.250" THICKNESS | 5556 ALUMINUM ALLOY X
ATUMINIIM _ALLQY
SHIELD GAS FLOW RATE
T 75ZBE/25ZAR [X_| 40 CFH
"J" GROOVE
SELECTOR_SWITCHES
ARC SUSTAINER HIGH B
TTiow O
POSITION FLAT MECHANTZED
WELDING
VOLTAGE 23 24 i
WELDING
CURRENT
v 105 105
| CURRENT
| SETTING | 325 325
%| VOLTAGE
<| SETTING | 16 16
WIRE
SPEED-IPM 355 380
TRAVEL
SPEED-IPM 16 12.2
POTENTIOMETER
SETTING
WIRE SPEED 1.55 1.7 TEN TURN
AUTO BUG-0 G.5 C.5
- 30
2350 Z 4 2
D.25 A 7S5 A



BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
soggan Tﬁiik 3/64" Dia. 120 %0
ALU Alloy 5556 ALU Alloy XX
_SHIELD GAS FLOW RATE
T 75ZBE/25%AR X__ | 40 CFH__
"I" Groove
SELECTOR SWITCHES

ARC SUSTATNER HIGHAS

"wa w}

POSITION Mechanized Flat
WELDING 22.2
W ) 23 )
WELDING
CURRENT 98 118
AMPS
CURRENT
SETTING 300 350
VOLTAGE
SETTING 16 16
WIRE
SPEED-TPM 230 265
TRAVEL
SPEED-IEM 12 16
POTENTIOMETER
SETTING 1.5 1.8
AUTO BUG-0 c.5 G

250
&

ATRCO  AHF-NP-AH 35-C2

F-26

MACHINE SETTINGS FOR
. MILLER PULSTAR 450
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BASE WIRE IYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
.5" THICK 3/64" DIAMETER 120 60
5083 H-321 5356 ALUMINUM ALLOY
| ATIMTNINM. ALIOY X
SHIELD GAS FLOW RATE
T 75%zEE/25%AR] X | 40 CFH
"J"_GROOVE
SELECTOR SWITCHES
ARC SUSTAINER  HIGH M
Cuow O
POSITION FLAT — MULTIPLE PASS
WELDING .
VOLTAGE 24.5 28 28 25.5 25.5
WELDING '
CUREENT
AMPS 140 150 130 132 132
CURRENT
PEAK. gpmerty .
S G 350 400 400 330 350
VOLTAGE . o
BACK ggTTING | 21 24 24 22 22
WIRE
SPEED-IPM 380 420 420 360 360
TRAVEL
SPEED-IFY 14.1 11 11 16 16
POTENTIOMETER TEN TURN
SETTING .
WIBE SPEED 2.7 3.1 3.1 2.5 2.5

I.s:x",
ATRCO AHF-NP-AH 35-C2 = /@\ B

7/

MACHINE SETTINGS FOR
. MILLER PULSTAR 450
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BASE WIRE TYPE & PULSE
MATERTAL DIAMETER PROCESS SELECTOR
5" THICK 3/64" DIAMETER 120 60
5083 H-321 5356 ALUMINUM ALLOY
1 _ALUMINUM ALLOY X
SHIELD GAS FLOW RATE
1_7SZEE/25ZAR[X | 40 CFH
"J" GROOVE

SELECTOR SWITCHES

ARC SUSTAINER HIGH S

TLow O
POSITION FLAT ~ MULTIPLE PASS
WELDING
VOLIAGE 24.5 28.5 25,4 25,2
WELDING '
CURRENT
AMPS 140 150 140 142
CURRENT
PEAK :
SETIING | 350 400 350 350
VOLTAGE .
BACK C
SETTING | 21 24 22 22
WIRE
SPEED-IFM 380 450 360 360
TRAVEL
SPEED-IPM 14.1 11.5 16 .- 16
POTENTIOMETER TEN TURN
SETTING
2. * L] .
WRE SPEED 7 3.25 2.5 2.5
l ‘s&ll
BUGO SETITING E.5 G.5 G.25 G.25 '
= &
ATRCO AHF-NP-AH 35-C2 =

MACHINE SETTINGS FOR
. MTLLER PULSTAR 450
MECHANIZED



e meem———

I.10

AHF NP AH 35-C2

BASE WIRE TIPE & POLSE
MATERTAL DIAMETER PROCESS SELECTOR
T500" THICKNESS | 3/64" DIAMETER 120 60
5083 H-321 5356 ALUMINUM ALLOY
ATLUMINIIM ALILOY X
] SHIELD CAS FLOW RATE
~7SREE/252AR] X | 40 _CFH
"J" GROOVE
SELECTOR SWITCHES
ARC SUSTAINER HIGH KX
CTrow O
POSTTION MECHANTZED FLAT
WELDING
VOLTAGE 95 28 08 .
WELDING
CURRENT
AMPS 150 160 157
CURRENT
PEAK
SETTING | 350 400 400
VOLTAGE
BACK
WIRE
SPEED-IFM 375 400 390
TRAVEL
SPEED-IFM 14 11.5 11,5
POTENTIOMETER
SETTING
2.9 3.1 3.0 TEN TURN
AUTO |
BUG-0 E.5 C.5 C.5 {52

\
507 S

MACHINE SETTINGS FOR
. MILLER PULSTAR 450



WELDING PROCEDURE SPECIFICATION
(GUIDE)

This section contains a general welding procedure specification covering
out-of-position, one-side, full penetration, manual pulse gas metal arc
butt welding of 5000 series aluminum alloy sheet and plate for marine

applications. This specification is intended to be used as a guide only.

Also, one page type welding procedure specifications covering each specific

test condition and material thickness (.063" - .500") are included.



WELDI NG PROCEDURE  SPEC! FI CATI ON
(GUI DE)

ALUM NUM VELDI NG

OUT- OF- POSI TION VELDING OF 5000 SERIES ALUM NUM
ALLOYS USING GVAW PONER SOURCES

789



SCCOPE

This wel ding procedure covers the requirements for out-of-position,
one-side, full penetration, manual pulse gas nmetal arc butt welding

of the 5000 series alumnum alloys. This procedure is applicable
to material thicknesses of .063 inch to .500 inch.

2an
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REFERENCES

3.1 NAVSH PS 0900-000- 1000 with 0900-000-1001; Fabrication, Vel ding
and Inspection of Ships' Hulls. (June 1969

3.2 NAVSH PS 0900- 003-8000; Surface Inspection Acceptance Standards
(Sept. 1967).

3.3 ML-STD-0022B (SHPS): Mlitary Standard Vel ded Joint Design
(May 1969).

3.4 ML-STD248C, Welding and Brazing Procedure and Performance
Qualification (Cct. 1973).

3.5 ML-STD 271E; Nondestructive Testing Requirements for Metals.

MATERI AL CONTROL

4.1 Base Materi al

The base material shall conply with one of the follow ng specifi-

cations:
ALUM NUM
MATERI AL ALLOY
SPECI FI CATI ON COVPOSI Tl ON TYPE OF MATERI AL
QQ A-250/ 6 5083 Pl ate & Sheet
QQ A-250/ 19 5086 Pl ate & Sheet
QQ A-250/ 8 5052 Pl ate & Sheet
QQ A-250/ 20 5456 Pl ate & Sheet
QQ A-250/ 10 5454 Pl ate & Sheet
QQ A-225/7 5052 Bar, Rod & Wre
QQ A-200/ 7 5456 Bar, Rod, Shapes,
Tube, Wre
QQ A-200/ 6 5454 Bar, Rod, Shapes,
Tube, Wre
QQ A-200/5 5086 Bar, Rod, Shapes,
Tube, Wre
QQ A-200/ 4 5083 Bar, Rod, Shapes,

Tube, Wre



5.

4.2 Filler

Met al s

Filler wire alloys for welding alunmnum shall be in accordance

with the following chart:

Base

Al l oy 5052 5083 5086 5454 5456

5052 5356

5083 5356 5356

5086 5356 5356 5356

5454 5356 5356 5356 5556

456 5356 5356 5356 5556 5556

Filler metals shall conformto AWS A5.10-80, Al unmi num and

Alumi num Al l oy Bare Wl ding Rods & El ectrodes

Filler

times

netals shall be protected from contam nation at al

and shall be stored in a warmdry area

SH ELDI NG _GASES

GASES SPECI FI CATI ON
OR_SOURCE
ARGON M L- A- 18455
HELI UM FEDERAL SPEC!I FI CATI ON
BB-H 1168, CGRADE A

75% HELI UM 25% ARGON

LI NDE DI VI SION
UNI ON CARBI DE

Al R REDUCTI ON OR
EQUI VALENT




10.

ELECTRI CAL CHARACTERI STI CS

The current used for the GVAW process shall be direct current, reverse

polarity.

POSI TI ON_OF VELDI NG

The base material may be welded in all position (flat, vertical-
up, horizontal and overhead) using appropriate diameter filler wre
and current settings. Were practicable, the weldnents shall be
positioned for flat (downhand) wel ding.

FACI LI TI ES CONTROL

The wel ding equi prent shall be such that the weld quality require-
ments of this specification can be met with reliability and consis-
tency.

PROCEDURE QUALI FI CATI ON & WELDER PERFORVANCE QUALI FI CATI ON

Procedure qualification and wel der performance qualification shall
be per the requirements of M L-STD 248c.

MANUFACTURI NG CONTROL

10.1 Joint Design and Tol erance

Unl ess otherwise stated on the plan, weld joint designs and
tol erances shall be in accordance with this specification.
See Sketch.

10.2 Material Preparation

Wel d joint edges may be prepared by mechanical processes such
as machining, filing, routing, grinding, chipping. Prior to
wel ding, surface oxide films on the areas to be welded shall
be removed by using a clean stainless steel wire brush.
Brushes may be either manual or power driven. Bristle diame-
ters of the stainless steel wire brushes shall be .010 to .015
inch in diameter. Welding on the cleaned weld joint surfaces

shall he done within 8 hours if feasible.
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SQUARE BUTT JO NT

PLATES FORM NG BUTTS WTH NO BACKI NG
MEMBER SHALL BE FITTED METAL- TO- METAL.
PLATES . 125" AND TH NNER SHALL BE CUT

SQUARE . MAXIMUM ALLOMBLE GAP SHALL BE

0.030 | NCH

0.000-0.030" GAP —pm

Z

‘J" GROOVE JONTS

PLATES FORM NG BUTTS WTH NO BACKI NG
MEMBER SHALL BE FITTED METAL- TO- METAL.

PLATES OVER . 125" TH CK SHALL BE MACH NED

WTH A “J" GROOVE WTH AN ANGLE OF

AND 0.100 | NCH MAXIMUM ROOT FACE (LAND) .

v/w/?—

20°

) “’"""—*z/L

0.000-0.030" GAP _’4 '_‘.

NOTE :  SEE SECTION 10.1

.063"-,100" ROOT FACE

VELD JO NT DESIGNS FOR
ONE- SIDE, OUT-COF-POSI TION, FULL PENETRATI ON
MANUAL PULSE GAS METAL ARC BUTT VEELDI NG

OF

5000 SERIES ALUM NUM ALLOY SHEETS AND PLATE
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10.

MANUFACTURI NG CONTROL (cont i nued)

10. 2

10.3

10. 4

10.5

Material Preparation (continued)

The weld joint areas and surfaces on which welds are to be
deposited shall be free of grease, oil, rust, slag, water, paint
or any other harnful matter.

Build up by welding on the weld joint surfaces to correct
oversi ze root openings or errors in joint preparation shall not
exceed 3/8 inch on each joint menber. The areas built up by
wel ding shall be ground smooth and faired snoothly into the

adj acent naterial thickness.

Wel d joint edges shall be free of |amnations and sharp notches
which will interfere with welding.

Veld Joint Fit-Up

Unl ess otherwi se stated on the plans, the weld joint fit-up
shal | neet the requirements of this specification

Fit-up shall be nmetal-to-metal or range from.000 to .030 inch.
Preheat _and | nterpass Tenperatures

In fabricating heavy weldnents, a tenperature of at |east 60°F
in the weldment shall be obtained and naintained until all
wel di ng has been conpleted. Sufficient preheat shall be used
to renove moisture. Preheat tenperature shall not exceed
300°F, as indicated by approved temperature indicating devices.
Tack Wl di ng

Al tack wel ding shall be done by personnel qualified per

M L- STD- 248C.

Tack welds shall be made with the same type of electrode to
be used in the final weld.

Tack welds shall be kept as small as practicable or the excess
wel d reinforcement shall be chiseled to a size small enough

so that they can be absorbed into the final weld. Cracked tack
wel ds and those which are unsuitable to incorporate into the
final weld shall be renoved
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10. 6 Wl di ng Techni ques
Stringer weld bead passes shall be utilized for all root weld

bead deposits so that one-side, full penetration welds nmay
be attai ned.

Wel d nmachine settings shall be approxinmately as shown in the
chart bel ow

W RE OPERATI NG OPERATI NG SHI ELDI NG
PROCESS Dl AVETER CURRENT RANGE VOLTAGE RANGE GAS
( AMPs)
Manual . 030 25-90 15- 20 Argon or
Pul se .035 30-100 16-20 75%e/ 25%Ar
GM4 AW 3/ 64 40- 150 17-23
1/16 45- 300 17-28

In nultiple pass welds, each pass shall be wire brushed before
depositing subsequent passes. Weld penetration in square groove
and “J” joints welded from one-side shall be conplete as

evi denced by a weld bead and the absence of a joint line on

the side opposite that fromwhich the weld was conpl et ed.

The roots of weld joints nust have conplete penetration. The
wel d root area shall be visually exanined for defects and weld
deposit penetration depth/w dth consistency.

10. 7 Repair \Welds
Repair welding shall be limted to those locations which cannot

be corrected by grinding. Repair welds shall be made to the
same standards as the original work.

Ginding of any defects shall produce a snooth bl ending of the
wel d into the surrounding surface of the base naterial

Undercut in excess of 10% of the thinner nmenber, whichever is

| ess shall be repaired. Excessive undercut may be repaired

by welding or grinding. The repair of undercut by wel ding shal
be accomplished by depositing a weld bead in the undercut

area which will fair into the existing weld.
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10.

11.

MANUFACTURI NG CONTROLS (cont i nued)

10. 7 Repair_ \elds (continued)

Unl ess otherwi se stated on the plans (draw ng), weld reinforce-
ment shall be a mininumweld penetration of 100% and wit hout
evidence of a joint |ine.

Maxi mum wel d rei nforcenent shall be 3/32 inch.

Excessively convex weld bead configurations are to be ground
and faired smoothly into adjacent nmetal plates/sheets.

Repair welds shall not be flushed except in areas where appear-
ance requires renoval, such as the outside of the shell plating
and exposed structure in quarters.

10.8 Post-Weld Heat Treatnent (Stress Relief)
Unl ess otherwi se stated on the plans or applicable specifica-
tions, no post-weld heat treatnment is required.

10.9 Peening

Peening of al um num wel ds shall not be done on the first and
| ast wel d passes.

QUALI TY ASSURANCE

Quality Assurance shall ensure that all the requirenments of this

specification are nmet.
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PACIFIC SHIPYARDS GCORPGRATION
' [__d [__d

SEATTLE DIVISION

WELDING PROCEDURE
SFECIFICATION

TWPS NO. :
REV:
ISSUED:
PAGE:

Al.3

DESCRIPTION
ALUMINUM WELDING;
WELDING OF 5000 SERTES ALUMINUM ALLOY S

ET & PLATE

OUT-OF-POSITION FULL PENETRATION MANUAL GAS METAL ARC BUTT

WELDER MIL-STD-248C PROCEDURE |MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF.STD. ! NAVSHIPS 0900-000-~1000/1
BASE . PROCESS :

_ MeTALS | 0.063" 5086 H32 00-A-150/7 —.GAS_METAL_ARC WEIDING (GMAW) SHORT ARC
SPEC. TYPE POWER _SOURCE;MODEL/TYPE ATRCO PULSE ARC 350
FILLER METAL | AWS A5.10-80 ER5556 POLARITY. _DC RP
POSITION OF FLUX; SPEC/SIZE/TYPE: NA
WELD VERTICAL-UP GAS: FLOW RATE/TYPE 7S5ZHE/25%AR 40 CFH
JOINT TORCH TYPE BINZEL
PREPARATION {REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/4 INCH ORIFICE
& SIDE < -

NUMBER BY SCRAPING, FILING OR ROUTING BOTH _SIDES
INTERPASS

| —CLEANING STATNLESS STEEL WIRE RBRIISHING
REPAIRS REPAIR WELDS SHALI. RE MANE TQ THE.SAME. STANDARDS-AS- THE-ORICINAL-WORK -
PREHEAT INTERPASS

AMBIENT TEMPERATURE! _NA

POSTHEAT [ELECTRODE| TWPS 4003
TEMPERATURE. | NA CONTROL
HEAT .
TREATMENT NA
WELD
TECHNIOQUE GMAW STRINGER BEAD
TRAVEL FILLER ARC NOTES-
SPEED METAL | AMPERAGE | VOLTAGE .
(I.P.M.J| SIZE RANGE | RANGE POSITION

18 3/64" 50 15 VERTICAL

JOINT DESIGN : BXS.1/MTIL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE

TN '0(13 _
2 \\7/ 3 "
§ “w-
D Ec\ﬁt

d

-t~

-
waL o

>
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B8 & L3 L3
PACIFIC, SHIPYARDS GORPORATION| p pyng procepure

SEATTLE DIVISION

IWPS NO.:
REV:
ISSUED:
PAGE:

Al. 23

SPECIFICATION

DESCRIPTION

ALUMINUM WELDING; OUT~OF-POSITION FULL PENETRATION MANUAL GAS METAL ARC BUTT

WELDING OF 5000 SERIES ALIMINIIM ATJ.OY SHEET & PLATE
WELDER MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIE. QUALTF.STD, ! NAVSHIPS 0900-000-1000/1
BASE PROCESS
METALS | -063" 5086 H-32 QQA150/7 GAS METAL ARC WELDING SHORT ARC

SPEC. TYPE POWER SOURCE:MODEL/TYPE AIRCO PULSE ARG 330
FILLER M=TAL | AWS A5.10-80 ERS5356 POLARITY DCRP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA
WELD VERTICAL-UP GAS: FLOW RATE/TYPE. 75%HE/25%AR 40 CFH
JOINT TORCH TYPE BINZEL
PREPARATION |[REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP_SIZE 3/4 TNCH ORIFICE
& SIDE
NUMBER BY SCRAPING FILING OR ROUTING ROTH _SIDES
INTERPASS
__CLEANING __ { STAINLESS STEFE], WIRF BRIISHTNG
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS ORTGTNAL WORK
PREHEAT INTERPASS
AMBTENT TEMPERATUREl NA
POSTHEAT |ELECTRODE| TWPS L4003
TEMPERATURE. | NA CONTROL
HEAT
TREATMENT NA
WELD
TECHNIOUE GMAW_STRINGER READ
TRAVEL | FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I.P.M.) | SIZE RANGE RANGE POSITION
18.5 3/64 4Q 15,5 | VERTTCAI

JOINT DESIGN: BIS.1/MIL.STD 22

THICK RANGE QUAL..

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE

bt Y
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TWPS NO.: Al.1l4

ALUMINUM WELDING;

PACIEIC SHIPYARDS CORPORATION! . ome proceoure |-
SEATTLE DIVISION PAGE:
DESCRIPTION

OUT-0F-POSLTION FULL PENETRATION MANUAL GAS METAL ARC BUTT WELDING
OF 5000 SERIES ALUMINUM AIIOY SHEET & PI

LK

QUALIF.

WELDER MIL-STD-248C

PROCEDURE |MIL-STD-248C;MIL-STD-278D
QUALIF.STD,INAVSHIPS 0900-000-1000/1

BASE

METALS | -063" 5086- H-32 QQ-A-150/7

PROCESS:
GAS METAL ARC WELDING (GMAW) SHORT ARC

SPEED METAL | AMPERAGE | VOLTAGE
(I1.P.M.) | SIZE RANGE RANGE POSITION

18 3/64" 150 15 ORIZONTAL

SPEC. TYPE POWER SOURCE;MODEL/TYPE ATRCO PII.SE_ARC 350
FILLER METAL |AWS A5.10-80 ER5556 POLARITY DC RP
POSITION OF FLUX;SPEC/ SIZE/TYPE: NA
WELD HORIZONTAL GAS: FLOW RATE/TYPE40 CFH 75%HE/25%AR
JOINT TORCH TYPE BINZEL
PREPARATION |REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/4 INCH ORTFICE
§ SIDE
NUMBER BY SCRAPING FILING OR ROUTING RQTH STDES
INTERPASS
__CLEANING  |STAINLESS STEFI WTRE BRISHTNG
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS
L THE_ORTIGINAL WORK
PREHEAT INTERPASS
AMBTIENT TEMPERATU NA
POSTHEAT IELECTRODE| TWPS L4003
TEMPERATURE. _INA CONTROL.
HEAT
TREATMENT NA.
WELD
TECHNIQUE GMAW STRINGER BEAD
TRAVEL FILLER ARC NOTES:

JOINT DESIGN: B1S.1/MIL.STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE

- 8
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SEATTLE DIVISION

[PACIE @A@uﬁlﬂu@ﬂguﬂl‘@@?&@f@@f@? @:-@@E@@::jmn@m T DTNG PROCEDURE
WELDING PROCEDURE

SFECIFICATION

DESCRIPTION

ALUMINUM WELDING:

OUT-0F-PO

SITION FULL PENETRATION MANUAL GAS ME

WELDING OF 5000 SERTES ALUMINUM ALLOY SHEET & PLATE
WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL~STD-278D
QUALIF. QUALIF.STD,INAVSHIPS 0900-000-1000/1
BASE o j PROCESS :

| METALS 0.063" 5086 H-32 QQ-A-150/7 GAS METAL ARC WELDING (GMAW) SHORT ARC
SPEC. TYPE . POWER _SOURCE ;MODEL/TYPE _AIRCO PA350
FILLER METAL | AWS AS5.10-80 ERS5556 POl ARITY DC RP
POSITION OF FLUX; SPEC/SIZE/TYPE:NA
wel n QVERHEAD GAS: FlOW RATE/TYPE 4O CFH  7S5YHT/25YAR
JOINT TORCH TYPE _ BINZEL
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/% INCH ORTFICE
§ SIDE
NUMBER BY SCRAPING, FILING, OR ROUTING BOTH SIDES
INTERPASS
CLEANING STAINLESS STEEL WIRE BRUSHING
REPAIRS REPAIR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORIGINAL WORK
PREHEAT INTERPASS

AMBTENT TEMPERATURE] NA

POSTHEAT ELECTRODE| TWPS 4003
TEMPERATURE | NA CONTROL.
HEAT
TREATMENT NA
WELD
TECHNIQUE GMAW _STRINGER BEAD
TRAVEL | FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(1.P.M.) | SIZE RANGE | RANGE | POSITION

20 (64" 50 15.5 OVERHEAD

JOINT DESIGN :

BIS.1/MIL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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PACIFIC SHIPYARDS @@RPATB@N

SEATTLE DIVISION _

JWPS NO.:B1.18

REV:
WELDING PROCEDURE .
SPECIFICATION ISSUED:
PAGE

DESCRIPTION
ALUMINUM WELDING;

OUT-OF-POSITION PENETRATION MANUAL GAS METAL ARC BUTT
WELDING OF 5000 SERIES ALUMINUM ALLOY SHEET & PLATE

WELDER MIL-STD-248C PROCEDURE | MIL-STD—248C;MIL~-STD-278D
QUALIF. QUALIE.STD, | NAYSHIPS 0900-000-1000/1
BASE . PROCESS:
METALS 0.100" 5086 H-32 0QQ-A-150/7 GAS. METAL ARC WEILDING (GMAW) PINLSED ARC
SPEC. TYPE POWER SOURCE:;MODEL/TYPE AIRCQ PA3
FILLER METAL | AWS A5.10-80 ER5356 POLARITY DC RP
POSITION OF FLUX; SPEC/SIZE/TYPEINA
WELD VERTICAL~TP GAS: FiOW RATE/TYPE 40 CFH _757mm/257An
JOINT - TORCH TYPE BINZEL
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE _[CUP SIZE 3/4 INCH QRIFICE
& SIDE
NUMBER | BY SCRAPING, FILING OR ROUTING BOTH STDES
INTERPASS
__CLEANING STAINLESS STEEL
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS ORIGINAL WORK
PREHEAT INTERPASS
AMBTENT TEMPERATUR NA
POSTHEAT IELECTRODE ! TWPS 4003
TEMPERATURE NA CONTROL.
HEAT
TREATMENT NA
WELD
TECHNIOUE GMAW_STRINGER READ
TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I.P.M.D | SIZE RANGE | RANGE _ | POSITION
15,6 030" 45 19 YERTLCAL

" JOINT DESIGN: B%S.1/MTL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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PACIFIC @[}{IBR@Q @RPATD@[NI WELDING PROCEDURE

SPECIFICATION

SEATTLE DIVISION

TWPS NO.,:
REV:
ISSUED:
PAGE:

B.50

DESCRIPTION

OUT~OF-POSOTION, ONE SIDE, FULL PENETRATION MANUAL GAS METAL ARC BUTT

WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARTNE APPT.YCATTON
WELDER MIL-STD-248C PROCEDURE |MIL-STD-248C;MIL-STD-278D
QUALIF. QUALTF.STD, | NAVSHIPS 0900-000-1000/1
BASE PROCESS :

METALS 0,100 " 5086 _H32 0Q-A-150/7 GAS METAL ARC WELDING (GMAW) PULSE ARC
SPEC. TYPE POWER SOURCE;MODEL/TYPE PA 3A AIRCO
EILLER METAL AWS A5.10-80 ER 5356 POLARTTY DC RP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA
WELD. HORTZONTAL GAS: FLOW RATE/TYPE 40 CFH 7/5ZHE/25%AR
JOINT TORCH TYPE NP C2
PREPARATION |REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/4 INCH ORIFICE
& SIDE
NUMBER BY SCRAPING, FILING OR ROUTING BOTH STDES
INTERPASS
CLEANING STAINLESS STEEI. WIRE BRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS QRTGTNAL WORK
PREHEAT INTERPASS
AMBIENT TEMPERATU NA

POSTHEAT |[ELECTRODE| TWPS 4003
TEMPERATURE _INA CONTROL.
HEAT
TREATMENT. NA
WELD
TECHNIOQUE GMAW STRINGER BEAD
TRAVEL | FILLER ARC NOTES :
SPEED METAL | AMPERAGE | VOLTAGE
(1.P.M.) | SIZE RANGE RANGE POSITION

18 .035" 55 19 ORTZONTAL

JOINT DESIGN :

B1S.1/MIL.STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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PACIFIC_SHIPYARDS CORPORATION] e\ ping proceDURE

SEATTLE DIVISION

TWPS NO.: B.74
REV:

ISSUED:
PAGE:

SPECIFICATION

DESCRIPTION

ALUMINUM WELDING;

OUT-0F-POSITION FULL PENETRATION MANUAL GAS METAL ARC BUIT
WELDING OF 5000 SERIES ALUMINUM ALLOY SHEET & PLATE

WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF. QUAL IF.STD.| NAVSHIPS 0900-000-1000/1
BASE PROCESS:
METALS | 0.100 " 5086 H-32 Q0-A-150/7
SPEC. TYPE POWER SOURCE ;MODEL/TYPE AIRCO PA 350
FILLER METAL | AWS A5.10-80 ER 5356 POLARITY _ DC _RP
POSITION OF FLUX; SPEC/SIZE/TYPE: NA
WELD. OVERHEAD GAS: FLOW RATE/TYPE 40 CFR 757HE/25ZAR
JOINT TORCH TYPE BINZEL
PREPARATION |REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIiZE 3/%4 INCH ORIFICE
& SIDE
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS
CLEANING STAINLESS STEEL WIRE BRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME ST S
PREHEAT INTERPASS
AMBIENT TEMPERATURE! NA
POSTHEAT ELECTRODE| TWPS 4003
TEMPERATURE. | NA CONTROL
HEAT
TREATMENT NA
WELD
TECHNIQUE GMAW STRINGER BEAD
TRAVEL | FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
CI.P.M.) | SIZE RANGE | RANGE | POSITION
17 /4% 70 14 OVERHEAD
JOINT DESIGN:  BIS.1/MTL, STD. 22 THICK RANGE QUAL.
SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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PACIEIC SHIPYARDS GORPORATION
o [_4 [ __d A

SEATTLE DIVISION

WELDING PROCEDURE
SPECIFICATION

JWPS NO.: C.60

REV:

ISSUED:

PAGE:

DESCRIPTION

ALUMINUM WELDING;

OUT~OF-POSITION FULL PENETRATION MANUAL -GAS METAL ARC BUIT

_WELDING OF 5000 SERIES ALUMINUM ALIOY SHEET & PLATE
WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF.STD. INAVSHIPS 0900-000-1000/1
BASE PROCESS :

. METALS 0.125"5083 H~323 QQ-A~-250/6 GAS METAL ARC WELDING (GMAW) SHORT ARC
SPEC. TYPE POWER_SOURCE ;MODEL/TYPE_AIRCO PULSE ARC 350
FILLER METAL |AWS A5.10-80 ER 5556 POLARITY DC RP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA m_ _
WELD VERTICAL-UP GAS: FLOW RATE/TYPE 40 CFH 75ZHE/25%ZAR
JOINT . TORCH TYPE BINZEL
PREPARATION |REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP_SIZE 3/4 INCH ORIFICE
& SIDE
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS
CLEANING STAINLESS STEEL WIRE BRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS ORTGTNAL WORK
PREHEAT INTERPASS

AMBIENT TEMPERATURE! _NA

POSTHEAT |ELECTRODE| TWPS 4003
TEMPERATURE._INA CONTROL.
HEAT
TREATMENT. NA
WELD
TECHNIOUE GMAW STRINGER BEADS
TRAVEL = | FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I.P.M.) | SIZE RANGE | RANGE | POSITION

12.8 VAIAL 70 17 VERTICAL

JOINT DESIGN: B1S.1/MTL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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SEATTLE DIVISION

g A a & 3 - o
RPACIFIC @IH][IR@S@RPATH@N WELDING PROCEDURE

SPECIFICATION

TWPS NO.:
REV:

ISSUED:
PAGE:

C.63

DESCRIPTION
ALUMINUM WELDING; OUT-OF-POSITION FULL PENETRATION MANUAL GAS METAL ARC BUTT
WELDING OF 5000 SERIES ALUMINUM ALLOY SHEET & PILATE.
WELDER MIL-STD-248C PROCEDURE | MIL-STD—248C;MIL-STD-278D
QUALIF. QUALIF.STD,| NAVSHIPS 0900-000-1000/1
BASE PROCESS:
METALS 0.125"5083 H-323 QQ-A-250/4 GAS METAT. ARC WELDING (CMAW) SHORT ARC
SPEC. TYPE ' POWER SOURCE ;MODEL/TYPE ATRCO PULSE ARC 350
FIL{ ER METAL |AWS A5.10-80 ERS5356 POLARITY DC RP
POSITION OF FLUX;SPEC/SIZE/TYPE: _ NA
WELD VERTICAL-UP GAS: FLOW RATE/TYPE 40 CFH 75ZHE/25ZAR
JOINT TORCH TYPEBINZEL
PREPARATION |REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP STZE 3/4 INCH ORIFICE
& SIDE .
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS
__CLEANING STATNLESS STEEL WIRE BRUSHING

REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STA

EE NDARDS _AS ORTCINAL UORK
PREHEAT INTERPASS

AMBTENT TEMPERATURE! NA
POSTHEAT ELECTRODE| TWPS 4003
TEMPERATURE. INA CONTROL,
HEAT
TREATMENT. NA
WELD
TECHNIOUE GMAW STRINGER READ

., TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
CI.P.M.)| SIZE | RANGE | RANGE | POSITION
14,1 3/64" 70 17 [VERTTICAT,

JOINT DESIGN :B1S,1/MIT.. STD

22

THICK RANGE QUAL. -

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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e F N _— L__ REV:
PACIFIC S%UR@S@RPATU@N WELDING PROCEDURE |

TWPS NO.: C.30

ISSUED?

SPFECIFICATION

SEATTLE DIVISION PAGE:

DESCRIPTION

ALUMINUM WELDING; OUT-OF-POSITION FULL PENETRATION MANUAL GAS METAL ARC BUTT

WELDING OF 5000 SERTES ALUMINUM ATLLOY SHEET & PLATE
WELDER MIL-STD-248C PROCEDURE |MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF,STD, | NAVSHIPS 0900-000-1000/1
BASE PROCESS:
METALS 0.125" 5083 H-323 0Q-A-250/6 GAS METAL ARC WEIDTING (GMAW) SHORT ARC
SPEC. TYPE POWER SOURCE ;MODEL/TYPEATRCO PIT.SE ARC 350
FILLER METAL JAWS A5,.10-80 ER 5556 POLARITY DNC_RP ¢
POSITION OF FLUX;SPEC[SIZE/TYPE: NA
WELD HORTIZONTAL GAS: FLOW RATE/TYPE 40 CFH 757ZHE/25%AR
JOINT TORCH TYPE BINZEL
PREPARATION |REMOVE SHEAR OR SAW MARKS FROM FAYTNG SURFACE CUP SIZE 3/4 INCH ORIFICE
& SIDE
NUMBER Y SCRAPING. FILING OR ROUTING ROTH SIDES
INTERPASS
__CLEANING ISTAINLESS STEEL WIRE BRUSHING
REPAIRS REPATR WELDS . TQ THE SAME _STANDARDS. AS. ORIGINAL WORK
PREHEAT INTERPASS
MBIENT. TEMPERATURE! w4
POSTHEAT ELECTRODE| TWPS 4003
TEMPERATURE A CONTROL,
HEAT
TREATMENT A
WELD
TECHNIOUE 2 GER_BEAD
TRAVEL FILLER ARC ) NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I1.P.M.D | SIZE RANGE RANGE POSITION
15 3/64" 85 19,5 HORTZONTAL
JOINT DESIGN : B1S.1/MIL. STD.22 THICK RANGE QUAL.
SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
123
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SEATTLE DIVISION

- - L . B ' REV:
PACIFIC, SHIPYARDS CORPORATION] g pine proceDRE | oq on:
R SPECIFICATION ==

IWPS NO.: (.46

PAGE:

DESCRIPTION
ALUMINUM

WELDING; OUT-OF-POSITION FULL PENETRATION MANUAL GAS METAL ARC BUIT
WELDING OF 5000 SERTES ALUMINUM ALLOY SHEET & PLATE

WELDER MIL-STD-248C

PROCEDURE | MIL-STD-248C;MIL~STD-278D

QUALIF. QUALIF,STD. I NAVSHIPS 0900-000-1000/1
BASE PROCESS :
METALS 0.123' 5083 H-323 Q0-A-250/6 GAS METAL. ARC WELDING (GMAW) SHORT ARC
SPEC. TYPE POWER _SOURCE ;MODEL/TYPE ATRCO PULSE ARC 350
FILLER METAL |AWS A5.10-80 ER 5356 POLARITY DC RP ’
POSITION OF FLUX; SPEC/SIZE/TYPE:NA
WELD OVERHEAD GAS: FLOW RATE/TYPE 40. CFHSZHE/25ZAR
JOINT _ TORCH TYPE BINZEL
PREPARATION |[REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/4 INCH ORIFICE
& SIDE

_NUMBER BY SCRAPTING. FILING OR ROLUTING._BOTH SIDES
INTERPASS
CLEANING STATNLESS STEEL WIRE RBBUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS ORIGINAL WORK
PREHEAT INTERPASS

AMBTENT TEMPERATURE!I NA

POSTHEAT [ELECTRODE| TWPS 4003
TEMPERATURE. | NA CONTROL, -
HEAT
TREATMENT NA
WELD
TECHNIOUE GMAW STRINGER BEAD
TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I1.P.M.) | SIZE RANGE | RANGE POSITION

20 3/64" 105 15

QVERHEAD

JOINT DESIGN: B1S.1/MIL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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- - _— L REV:
PACIFIC_ SHIPYARDS CORPORATION| . nine PROCEDURE ——
- - P, TETAATTANG 1SS

JWPS NO.: D-8

SEATTLE DIVISION PAGE:
DESCRIPTION
OUT-0F~-POSITION, ONE STDE, FULI. PENETRATTION MANUAI. GAS METAL ARC BUTT
WELDING OF ALUMINUM ALLOY SHEETS. AND PLATES .FOR _MARINE APPLICATION

WELDER MIL-STD-248C PROCEDURE |MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF.STD, I NAYSHIPS 0900-000-1000/1
BASE . , PROCESS:
METALS 250" 5086 H1l6 QQ-A-250/19 GAS METAL ARC WELDING (GMAW)
SPEC. TYPE POWER _SOURCE ; MODEL./TYPE ATRCO PA 350
FILLER METAL | AWS AS5.10-8C ER 5556 POLARITY DC RP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA
WELD VERTICAL-up GAS: FIOW RATE/TYPE 40 .CFH 75% HE/257 AR
JOINT TORCH TYPE BINZEL
PREPARATION REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE
& SIDE
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS
CLEANING STATINLESS STEEL WIRE BRISHING
REPAIRS

REPAIR WELDS SHALIL BE MADE TO THE SAME STANDARDS AS THE _ORTGTNAI WORK
PREHEAT INTERPASS

AMBIENT TEMPERATUR| NA
POSTHEAT {ELECTRODE| TwrS 4003
TEMPERATURE. NA CONTROL
HEAT
TREATMENT NA
WELD
TECHNIQUE GMAW STRINGER BEAD
TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I1.P.M.) | SIZE RANGE | RANGE | POSITION

1il.5 3/64% 150 16 VERTICAL-UH

JOINT DESIGN : B2U.1/MIL. STD. 22 THICK RANGE QUAL.
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PACIEIC SHIPYARDS CORPORATION
- — g

SEATTLE DIVISION

WELDING PROCEDURE
SPECIFICATION

TWPS NO.: D-10
REV:

| ISSUED:
PAGE:

DESCRIPTION

OUT-OF POSITION, ONE-SIDE, FULL PENETRATION MANUAL GAS METAL ARC BUTT

WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION

WELDER MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF,STD, I NAVSHIPS 0900-000-1000/1
BASE PROCESS:
MeTALS | «250" 5086 H~116 QQ-A250/19 GAS METAL ARC WELD
SPEC. TYPE . POWER_SOURCE;MODEL/TYPEATIRCO PA 350
EILLER METAL | AWS A5.10-80 ER 5556 - POLARITY DC R P
POSITION OF . FLUX;SPEC/SIZE/TYPE: _NA
_WELD HORIZONTAL GAS: FLOW RATE/TYPE 100 CFH HELTIM
JOINT o TORCH TYPE BINZEL
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP_SIZE 3/4 INCH ORIFICE
& SIDE
NUMBER BY SCRAPING, FILING, OR ROUTING BOTH STDES
INTERPASS
__CLEANING STATNLESS STEEL WIRE RRISHING
REPAIRS REPAIR WELDS SHAII RE_MADNE_TO THE SAME _STANDARDS _AS THE QRIGINAI _TIORK
PREHEAT INTERPASS
AMBTENT TEMPERATU NA
POSTHEAT ELECTRODE| TwPS 4003
TEMPERATURE. ONTROL.
HEAT
TREATMENT NA
WELD
TECHNIOUE GMAW STRINGER BEADS
TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I.P.M.D | SIZE RANGE RANGE | POSITION
8.4 3/64" 149 14.5 HORTZONTAI
JOINT DESIGN: B2 U.1/MIL. STD. 22 THICK RANGE QUAL.
SKETCH OF WELD/ LOCATION & TYPICAL PASS SEQUENCE
\ i
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TWPS NO.: E.7
s an BV e — L3 REV:
WELDING PROCEDURE |, o ——
SPECIFICATION  [+224ED
SEATTLE DIVISION PAGE:
DESCRIPTION

OUT-OF-POSITION, ONE SIDE, FULL PENETRATION MANUAL GAS METAL ARC BUTT
FOR_MARTINE APPLICATION

WELDING OF ALUMINUM ALLOY SHEETS AND PLATES
WELDER MIL-STD-248C . PROCEDURE | MIL-STD-248C;MIL~STD-278D
QUALIF. QUALIF.STD,INAVSHIPS 0900-000-1000/1
BASE PROCESS:
METALS 0.250" 5456 H116 QQ-A-250/19 (GMAW) GAS METAL ARC WEIDTNG _SHORT ARC
SPEC. TYPE POWER SOURCE;MODEL/TYPE AIRCO PULSE ARC 350
FILLER METAL |AWS A5.10-80 ER5556 POLARITY DG RP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA
WELD VERTICAL UP GAS: FLOW RATE/TYPE 40 CFH. _75%HE/25ZAR
JOINT TORCH TYPE BINZEL
PREPARATION |REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/4 INCH ORIFICE
& SIDE
NUMBER BY SCRAPING FILING OR ROUTING BOTH SIDES
INTERPASS
CLEANING STATNLESS STEEL WIRE BRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TQ THE SAME STANDA!
{ 3 RNS_AS _THE ORTCTNAL. UWORK.
PREHEAT INTERPASS
AMBIENT TEMPERATURE] NA
POSTHEAT |[ELECTRODE| TWPS 4003
TEMPERATURE. _INA CONTROL,
HEAT
TREATMENT NA
WELD
JECHNIOUE GMAW STRINGER BEAD
- TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(I.P.M.) | SIZE RANGE | RANGE | POSITION
9.3 3/64" | 115 18 VERTICAL-UP

JOINT DESIGN: B2U.1/MIL.STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATIOﬁ\Ls TYPICAL PASS SEQUENCE
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TWPS NO.: E-33
l_____l:EI_A_L'l!S_'_'Eh‘_____1 REV:
PACIFIC SHIPYARDS CORPORATION] o nine procebure |
T mdem S ok e® spciFIcATION | ISSUED:
SEATTLE DIVISION PAGE:
DESCRIPTION
QUT-QF-POSITION, ONE-SIDE, FULL PENETRATTON MANTIAT, GAS METAT. ARC RUTT
WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION
WELDER MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF,STD, I NAVSHIPS 0900-000-1000/1
RASE PROCESS:
__METALS .250" 5456 H-116 QQ-A250/19 GAS METAL ARC WELDING
SPEC. TYPE POWER SOURCE;MODEL/TYPE ATRCO PA 350
FILLER METAL | AWS A5.10-80 ER 5556 POLARITY DG RP
POSITION OF FLUX; SPEC/SIZE/TYPE: NA
WELD HORIZONTAL GAS: FLOW RATE/TYPE 100 CFH HELTIM
JOINT TORCH TYPE RINZEL
PREPARATION CUP STZE  3/¢ 'TNCH_ORTFICE.
& SIDE
NUMBER BY SCRAPTNG, FILTNG __OR _ROUTTING BOTH STDES
INTERPASS

REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORIGINAL WORK
PREHEAT INTERPASS
AMBIENT TEMPERATUREl _ NA
POSTHEAT ELECTRODE| TWPS 4003
TEMPERATURE | NA ___ICONTROL
HEAT
TREATMENT NA
WELD
TECHNIQUE GMAW_STRINGER BEADS
TRAVEL | FILLER ARC NOTES:
SPEED | METAL | AMPERAGE | VOLTAGE
(1.P.M.) | SIZE RANGE | RANGE | POSITION
8,9 3/64" 156 14,53 HORTZONTATY

JOINT DESIGN :

B2 U.1/MIL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD 1 ACATTON S TYPICAL

PASS CFN IENCE
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SEATTLE DIVISION

_— — L3 L
PACIFIC SHIPYARDS CORPORATION| g pine procepure

SPECIFICATION

TWPS NO.:
REV:
ISSUED:
PAGE:

¥~3

DESCRIPTION

OUT~OF-POSITION, ONE SIDE, FULL PENETRATION MANUAL GAS METAL ARC BUTT

WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARTNE APPLICATION

WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL~-STD-278D
QUALIF. QUALIF,STD, I NAVSHIPS 0900-000-1000/1
BASE PROCESS:
__METALS .250" 5083 H321 QQ-H-250/6 GAS METAL ARC WELDING (GMAW)
SPEC. TYPE POWER SOURCE ;MODEL/TYPE ATRCO PULSE ARC 350
FILLER METAL | AWS A5.10-80 ER 5556 POLARITY. -DC RP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA
__WELD VERTICAL-UP GAS: FLOW RATE/TYPE 40 CFH_75% HE/2S5% AR
JOINT TORCH TYPE_BINZEL
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE |CUP SIZE 3/4 INCH ORIFICE
§ SIDE
_NUMBER BY SCRAPTNG,. FILING_OR ROIITING BOTH STNES
INTERPASS ]
CLEANING STAINLESS STEEL WIRE RBRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORTGINAL WORK
PREHEAT INTERPASS
AMBIENT TEMPERATUR NA
POSTHEAT ELECTRODE| TWPS 4003
TEMPERATURE. | NA CONTROL.
HEAT
TREATMENT NA
WELD
TECHNIQUE GMAW_STRINGER BEAD
TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(1.P.M.) | STZE RANGE RANGE | POSITION
12 3/64" 130 15.7 VERTICAT.~

JOINT DESIGN :

B2U.1/MIL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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TWPS NO:: F-13
REV:
WELDING PROCEDURE | o0 mp:
SPECIFICATION ===
PAGE :

DESCRIPTION

- -

OUT-OF-POSITION, ONE-SIDE, FULL

hokog \and
PENETRATION MANUAL GA

S METAT, ARC RUTT

Lddd LN A e e

WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION
WELDER MIL-STD-Z48C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF. OQUAL IF.STD. | NAVSHIPS 0900-000-1000/1
A PROCESS:
METALS .250" 5083 H-321 Q0-A250/6 GAS METAL ARC WELDING
SPEC, TYPE ~ POWER SOURCE ;MODEL/TYPE ATRCO PA 350
FILLER METAL | AWS A5.10-80 ER 5556 POLARITY. _DC RP
POSITION OF ) FLUX; SPEC/SIZE/TYPE: NA
WELD HORIZONTATL GAS: FLOW RATE/TYPE 100 CFH/ HETJIIM
JOINT TORCH _TYPE BINZEL
PREPARATION REMOVE SHE OR SAW MARKS FROM FAYING SURFACE CuUP SIZE 3/4 INCH ORIFICE
& SIDE.
NUMBER BY SCRAPING, FILING, OR ROUTING BOTH SIDES
INTERPASS
CLEANING STAINLESS STEEL WIRE DRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDG AS THE, ORTOTNAT _WORK
PREHEAT INTERPASS
AMRTENT TEMPERATUR! NA —
POSTHEAT ELECTRODE| TwWPS 4003
TEMPERATURE | NA ONTROL,
HEAT
_TREATMENT NA
WELD
TECHNIQUE GMAW STRINGER BEADS
TRAVEL FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE . .
(1.P.M.) | SIZE RANGE | RANGE | POSITION |
10.2 3/64" 145 14,5 |HORIZONTAL
JOINT DESIGN : B2 U.1/MIL. STD. 22 THICK RANGE QUAL.
SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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\ A _ REV:
[PAGIEIC Q%HPV@S::_E:@@RP@@AW@N WELDING PROCEDURE  |,oci .

SEATTLE DIVISION ~ |Pace:
DESCRIPTION

MECHANIZED FLAT, ONE-SIDE, FULL PENETRATION GAS METAL ARC BUIT
WELDING OF ALUMINUM ALLOY SHEETS: AND PLATES FOR MARINE APPLICATION

WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL~-STD-278D
QUALIF. QUALIF.STD. | NAVSHIPS 0900-000-1000/1
BASE ‘ , PROCESS:
METALS | .063" 5086 H-32 QQ-A-250/7 GAS METAL ARC WELDING (GMAW)
SPEC. TYPE pire am n_an e EAEE POWER _SOURCE ; MODEL/TYPEGTLLILAND CV600 FI-PA
FILLER METAL | AWS A5.iU-oU Ex 2306 POLARITY _ DCRP
POSITION OF - ) FLUX;SPEC/SIZE/TYPE: NA
WELD. FLAT GAS: FLOW RATE/TYPE 40 CFH
JOINT TORCH TYPE MTG 4001
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/&4 INCH ORLIFICE
§ SIDE -
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS
CLEANING STATNLESS STEEL WIRE BRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORTGINAL WORK
PREHEAT INTERPASS
AMBIENT TEMPERATLIREI NA
POSTHEAT - ELECTRODE| TWPS 4003
TEMPERATURE | NA CONTROL
HEAT -
__TREATMENT NA
WELD
TECHNIOUE GMAW STRINGER BEAD .
TRAVEL | FILLER ARC NOTES:

SPEED METAL | AMPERAGE | VOLTAGE
(I.P.M. )| SIZE RANGE RANGE POSITION

24,5 3/64" 50 13.5 FLAT 6Q PPS

MOOATANTZEN RINN_N
LLuinuNl Lol DuUeTv

IOINT DESIGN : B1S.1/MIL. STD. 22 THICK |
SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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IWPS NO.: B.77

A REV:

PACIFIC SHIPYARDS CORPORATICN WELDING PROCEDURE ——

SPECIFICATION 222U
SEATTLE DIVISION PAGE:
DESCRIPTION 0 oHANTZED FLAT, ONE-SIDE, FULL PENETRATION GAS METAL ARC BUTT
WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION

WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D

QUALIF. QUALIF.STD.!NAVSHIPS 0900-000-1000/1

BASE PROCESS :

METALS .100" 5086 H-32 QQ-A-250/7 GAS METAL ARC WELDING (GMAW)

SPEC. TYPE ‘ POWER _SOURCE ; MODEL /TYPE_GILLILAND CY600 FI-PA

EILLER METAL | AWS A5.10-80 ER 5356 POLARITY _DCRP

POSITION OF ' FLUX;SPEC/SIZE/TYPE: NA

WELD FLAT GAS: FLOW RATE/TYPE 40 CFH

JOINT ' TORCH TYPE MIG 4001

PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 374 TNCH ORLFICE

§ SIDE

__NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES

INTERPASS -

CLEANING STAINLESS STEEL WIRE BRUSHING

REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORIGINAL WORK

PREHEAT INTERPASS

AMBIENT TEMPERATURE! NA

POSTHEAT - ELECTRODE| TWPS 4003

TEMPERATURE | NA CONTROL._

HEAT

TREATMENT. NA

WELD

TECHNIOUE GMAW STRINGER BEAD

TRAVEL | FILLER = ARC NOTES:

SPEED METAL | AMPERAGE | VOLTAGE

(1.P.M.) | SIZE RANGE | RANGE | posiTion | 6Q PBS

22 3/646" | 60 16.5 FLAT MECHANIZED BUG-O

JOINT DESIGN: B1S.1/MTL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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JWPS NO.: ¢.67, C.65

l ;

ry— o - - REV:
PACIFIC SHIZVARDS CORFOBATION! e\ pig procepire [ oo —

, SPECIFICATION
SEATTLE DIVISION ) : PAGE:
DESCRIPTION MECHANIZED FLAT, ONE-SIDE, FULL PENETRATION GAS METAL ARC BUTT
WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION
WELDER MIL-STD-248C PROCEDURE |MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF.STD.|NAVSHIPS 0900-000-1000/1
BASE PROCESS :
METALS .125" 5083-H323 GAS METAL ARC WELDING (GMAW)
SPEC. TYPE POWER SOURCE :MODEL /TYPEGILLILAND CV600 FI—PA
FILLER METAL | AWS A5.10-80 ER 5356 POLARTTY DCRP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA
WELD FLAT GAS: FLOW RATE/TYPE 40 CFH
JOINT TORCH TYPE MTG 4001
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 374 TNCH ORIFICE
§ SIDE
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS
CLEANING STAINLESS STEEIL, WIRE BRUSHING
REPAIRS REPAIR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORIGINAL WORK
PREHEAT INTERPASS
AMBIENT TEMPERATURE] NA
POSTHEAT @ o ELECTRODE| TWPS 4003
TEMPERATURE CONTROL.
HEAT
TREATMENT. NA
;{EE’EMOUE GMAW STRINGER BEAD
TRAVEL | FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE €0 PBS
CI.P.M.) | SIzZE RANGE RANGE POSITION -
16.2 3/64"_| 68 18,6 FLAT MECHANIZED BUG-0
JOINT DESIGN: pig,1/MTL. STD. 22 THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE”
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TWPS NO.:C.68,C.69,C.70
PAETEIE 'MLu'@-mR‘f@ gzg@::@ @: 3 ATION] REY:
_CORPOR WELDING PROCEDURE -
ke S SPECIFICATION LSSUED:
SEATTLE DIVISION : PAGE:
DESCRIPTION \pCHANIZED FIAT, ONE-SIDE, FULL PENETRATION GAS METAL ARC

BUTT WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION

WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF,.STD.INAVSHIPS 0900-000-1000/1
BASE PROCESS :
METALS | _.125" 5083 H-323 QQ-A-250/6 PULSE GAS METAL ARC WELDING (GMAW)
SPEC. TYPE POWER _SOURCE ;MODEL /TYPEMILLER PULSTAR 450
FILLER METAL |AWS AS5.10-80 POLARITY DCRP
POSITION OF FLUX;SPEC/SIZE/TYPE: NA
WELD FLAT, GAS: FLOW RATE/TYPE 40 CFH _75%HE/25%AR
JOINT "" TORCH TYPE AH 35 C-2
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP_SIZE 3/4 INCH ORIFICE
& SIDE
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS .
|__CLEANING STAINLESS STEEL WIRE BRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORIGINAL WORK
PREHEAT INTERPASS
AMBIENT TEMPERATURE] NA .
POSTHEAT : ELECTRODE| TWPS 4003
TEMPERATURE I NA CONTROL.
HEAT
TREATMENT. NA
WELD .
TECHNIOUE GMAW STRINGER BEAD
TRAVEL | FILLER| - ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE -
(1.P.M.) | SIZE RANGE | RANGE | POSITION |60 PPS
16.1 3/64% 70 21.2 FLAT MECHANIZED BUG-O

JOINT DESIGN: B1S.1/MIL. STD. 22

THICK RANGE QUAL.

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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[TWPS NO.:  p-25

EAVAANE 012 1910} [2) A - REV:
:im@u@uz@ @nﬂﬂp:::\%j@\:R@@_@wﬂy@wm@m WELDING PROCEDURE | o —
. SPECIFICATION _
SEATTLE DIVISION PAGE:
DESCRIPTION

-MECHANIZED FLAT ONE-SIDE, FULL PENETRATION GAS METAL ARC BUTT

WELDING OF ALUMINUM ATLOY SHEETS AND PLATES FOR MARTNE APPLICATION

WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALTF. QUALIF.STD, I NAVSHIPS 0900-000-1000/1
BASE PROCESS:
| METALS .250" 5086 H-116 QQ-A-250/19 PULSE GAS METAL ARC WELDING
SPEC. TYPE POWER SOURCE;MODEL/TYPE MILLER PULSTAR 450
FILLER METAL | AWS A5.10-80 ER 5556 POLARITY DCRF
POSITION OF i FLUX;SPEC/SIZE/TYPE: NA
WELD FLAT MECHANIZED GAS: FIOW RATE/TYPE 40 CFH 75%HE/25%AR
JOINT TORCH TYPE AIRCO AH 35-C2
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP STZE3/4" ORIFICE
& SIDE
NUMBER BY SCRAPING, FILING OR ROUTING BOTH STDES
INTERPASS
__CLEANING STAINLESS STEEL WIRE BRUSHING
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORIGINAIL WORK
PREHEAT INTERPASS
AMBIENT TEMPERATURE| AMBIENT
POSTHEAT | = |[ELECTRODE| TWPS 4003
TEMPERATURE. | NA CONTROL. | -
HEAT
TREATMENT NA
WELD .
TECHNIOUE GMAW STRINGER BEADS :
TRAVEL | FILLER ARC NOTES:
SPEED METAL | AMPERAGE | VOLTAGE
(1.P.M.) | SIZE RANGE RANGE POSITION | 150 pps
16 3/64" | 105 23 FLAT
12.2 3/64" | 105 24 FLAT MECHANIZED BUG-O

JOINT DESIGN

. B2U.1/MIL.STD. 22

THICK RANGE QUAL.

Y

SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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IWPS NO.: p-2g
ESVARES RhROTR A REV:
PACIFIE, SHIFYARDS CORPORATION] & e procepire |
[ - slas SPECIFICAT.ION AD5UED:
SEATTLE DIVISION . PAGE:

DESCRIPTION  \ CHANTZED FLAT, ONE-SIDE, FULL PENETRATION GAS METAL ARC BUTT

WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION

WELDER | MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF, QUALIF.STD.|NAVSHIPS 0900-000-1000/1
MSE ~ ettt AN Y 1AL . A T~ PROCE*SS’: - -~ "
METALS | 227 PR o Aot PULSE GAS METAL ARC WELDING
SPEC. TYPE “ POWER SOURCE :MODEL/TYPE AIRCO PA 350
FILLER METAL | AWS A5.10-80 ER 5356 POLARITY DCRP
POSITIONOF | __ FLUX; SPEC/SIZE/TYPE:NA
WELD LAT MECHANIZED GAS: FLOW RATE/TYPE 40 CFH 75%ZHE/25%AR
JOINT ‘ o TORCH TYPE BINZEL
PREPARATION | REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/4" ORIFICE
& SIDE :
NUMBER BY SCRAPING, FILING OR ROUTING BOTH SIDES
INTERPASS
o s ma sma s QTATNT.FCS QTEFRT. WTREF RRIISHTNGR
CLEANING ~ i hibitsiitehtubedemtnhing
REPAIRS REPATR WELDS SHALL BE MADE TO THE SAME STANDARDS AS THE ORIGINAL WORK
PREHEA 1 PASS

T AMBIENT INTERPASS | amprent

1 LI LN | IS

POSTHEAT R |[ELECTRODE| TWPS 4003
TEMPERATURE | NA CONTRO!
HEAT .
TREATMENT. NA -
WELD )
TECHNIOUE STRINGER BEADS
TRAVEL, | FILLER ARC NOTES:

SPEED METAL | AMPERAGE | VOLTAGE
(I.P.M.) | SIZE RANGE RANGE POSITION

12.2 3/64" | 92 24.8 FLAT MECHANIZED BUG-O
_16 3/64" | 124 26.5 FLAT '
ELECTRONICALLY PROGRAMMED WIRE FEED

LIATAIT MECTOAN DAty 1/ wurT oMM LX) “IIT AL FMALIE Al
WWAINT L OL\TJIN ¢ DLUal/] FlillaOlUe. &L& ILUN KANGE WI-\L,.
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TWPS NO.: T1-10
REV:
WELDING PROCEDURE .
- SPECIFICATION LSSUED:
SEATTLE DIVISION PAGE:
IP X
DESCRIPTION MECHANIZED FLAT, ONE-SIDE, FULL PENETRATION GAS METAL ARC BUTT
WELDING OF ALUMINUM ALLOY SHEETS AND PLATES FOR MARINE APPLICATION
WELDER MIL-STD-248C PROCEDURE | MIL-STD-248C;MIL-STD-278D
QUALIF. QUALIF.STD, VSHIPS 0900-000-1000/1
BASE PROCESS:
METALS | .500 INCH 5083-H321 A-250/6 PULSE GAS METAL ARC WELDING
SPEC. TYPE . POWER _SOURCE ;MODEL/TYPE MILLER PULSTAR 450
FILLER METAL AWS A5.10-80 ER 5356 POLARITY DCRP
POSITION OF ] FLUX; SPEC/SIZE/TYPE: NA
WELD FLAT GAS: FLOW RATE/TYPE 40 CFH _75%HE/2SZAR
JOINT _ TORCH TYPEAH 35-C2
PREPARATION REMOVE SHEAR OR SAW MARKS FROM FAYING SURFACE CUP SIZE 3/4 INCH QRIFICE
& SIDE
NUMBER BY SCRAPING, FTTLING QR _ROUTING BOTH STDES
INTERPASS
—CLEANING STATNLESS. STEEL WIRF_RRIISHING
REPAIRS REPATR WFLDS SHAII BE MADE TO_THE. SAME STANDARDS AS THE ORICINAL_WORK
PREHEAT INTERPASS :
AMBIENT TEMPERATU AMBTIENT
POSTHEAT ELECTRODE] TWPS 4003
TEMPERATURE. NA CONTROL. NA
HEAT
TREATMENT NA
WELD
TECHNIOUE GMAW STRINGER BEAD
TRAVEL = | FILLER ARC NOTES: 120 pps
SPEED METAL | AMPERAGE | VOLTAGE MECHANIZED BUG-0
(I.P.M.) | SIZE RANGE | RANGE | POSITION
14 3764" 150 25 FLAT
11.5 3/64" 60 28 FLAT
11.5 3/64" 1157 28 FLAT
|___JOINT DESIGN : 22 THICK RANGE QUAL.
SKETCH OF WELD LOCATION & TYPICAL PASS SEQUENCE
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GENERAL CONCLUSI ONS AND RECOMVENDATI ONS

General conclusions and recomrendations that were generated fromthe
analysis of the test results of this programare listed as follows:

1. Al four pulse gas netal arc welding power sources were capable
of making out-of-position, one-side, full penetration, manua
pul se gas netal arc butt welds in 5000 series alum num all oy
sheet and plate for marine structure applications.

2. Pulsed gas netal arc welding power sources, wire feed systens
and two position manual GVAWtorches are available at prices
conparable to conventional gas netal arc wel ding systens.

3. Single knob adjustments of pul se peak voltage, pulse background
and induction have elinmnated the elenment of conplexity in setting
the wel ding paranmeters

4, Wth the advent of newer pulse welding machines, it is antici-
pated that more and nore manual pul se spray and “pul se short-
circuiting” arc welding of 5000 series alumnum alloy sheet and
plates for fabrication of marine structures will take place.

5 Pulsed spray and “pul sed short-circuiting” gas netal arc welding
processes and techniques are keys to preventing weld distor-
tions and handling out-of-position joining of marine alum num
all oy sheet and plates

323
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